A Contribution to the Study of the Formation and Properties of Nephrotoxins by Wotherspoon, John

ProQuest Number: 27626726
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 27626726
Published by ProQuest LLO (2019). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
A C o n tr ib u t io n  to  th e  S tu d y  of th e  F o rm a tio n
and P r o p e r t i e s  o f N e p h ro to x in s .
M etch n ik o ff*  h a s  g iv e n  th e  name c y to to x in  t o  p o iso n s
■
o f c e l l u l a r  o r ig in  h a v in g  a s p e c i f i c  and e l e c t i v e  to x ic
'■ - W
f o r  th e  same c e l l s  from  w hich  they  to o k  t h e i r  o r i g i n .  T he 
s tu d y  of the c y to to x in s  h a s  been  p u rsu e d  a t  f i r s t  w i th  
g a rd  to  c e l l s  w hich  l i v e  i s o l a t e d  i n  th e  o rgan ism , e .g .  ' ‘
th e  c e l l s  o f the  b lo o d . Thus B o rd e t* ' E h r l i c h  and M orgen- 
r o t h ' " '  and D ungem *’ * ' d e m o n s tra te d  th a t  th e  b lo o d  serum  
of a n im a ls  in to  w hich one had in je c te d  th e  b lo o d  o f  a n o th e r  
s p e c ie s  of an im al a c q u ir e s  th e  p ro p e r ty  o f  d e s tro y in g  th e  
re d  c o rp u s c le s  o f the  b lo o d  of an im als  o f  the  l a t t e r  s p e c i e s ,  
o r ,  in  o th e r  w ords, t h a t  a haem otoxin  i s  d ev e lo p ed  i n  th e  
b lo o d  o f  the  i n j e c t e d  a n im a l. P u rs u in g  th e  same l i n e  o f 
i n v e s t i g a t i o n  M e t c h n i k o f f ' '" '"  has o b ta in e d  a le u c o to x in  
and a sp e rm o to x in . T h is  l a t t e r  has a l s o  been  d e s c r ib e d  by 
o th e r  o b s e rv e r s .  D ungern** * * * * h as  o b ta in e d  to x in  w hich  
a r r e s t s  th e  v i b r a t i l e  movements of th e  c i l i a  o f th e  t r a c h e a l  
e p i t h e l i a l  c e l l s .  The p r e p a r a t io n  o f a r t i f i c i a l  c y to to x in s  
h u r t f u l  to  c e l l s  which a r e  e a s i l y  i s o l a t e d  a p p ea rs  to  p r e ­
s e n t  c o m p a ra tiv e ly  few d i f f i c u l t i e s  and th e  a u th o rs  v/ho have
• Ann. de l * I n s t .  P a s t e u r ,  J u i n ,  1900.
Do. O c t . ,  1898.
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made r e s e a rc h e s  on th e s e  s u b je c t s  a r r i v e  a t  c o n c lu s io n s  
w h ich  a g re e  a t  l e a s t  in  m ost p a r t i c u l a r s ,  and i n  th e  c a se  
o f  th e  h a em o ly s in s  m ore p a r t i c u l a r l y  th e  s t u d i e s  have  been  
s o  m in u te ly  and t h o r o u ^ l y  p u rsu e d  as to  f u r n i s h  a d e f i n i t e  
b a s i s  o f  know ledge. I t  i s  q u i te  a d i f f e r e n t  m a t te r  v/hen we 
come to  th e  c o n s id e r a t io n  o f  c y to to x in s  h u r t f u l  to  th e  
s p e c i f i c  c e l l s  o f c e r t a i n  o rg a n s . The num bers o f c y to to x in s  
o r  c y t o l y s i n s , a s  th e y  a re  a ls o  c a l l e d ,  now known and more 
o r l e s s  f u l l y  s t u d i e d ,  c o v e r  a l l ,  w ith  few  e x c e p t io n s ,  of 
th e  t i s s u e s  and o rg an s  o f tlie b o d y , b u t  th e  g r e a t e r  number 
o f  them such  as  h e p a to to x in ,  a d r e n a l to x in ,  n e p h ro to x in , e tc .  
have e i t h e r  a d o u b tfu l  e x is te n c e  o r  have  y e t  to  be  p roven  
to  p o s s e s s  s p e c i f i c  p r o p e r t i e s .  I n  p ro v in g  th e  a c t i v i t y  and 
s p e c i f i c i t y  o f th e s e  c y to to x in s  v e ry  c o n s id e r a b le  d i f f i c u l ­
t i e s  have  to  be su rm oun ted . In  th e  c a s e  o f the  h a e a o ly t ic  
s e r a  th e  l y s i s  o f the  re d  b lo o d  c o rp u s c le s  " in  v i t r o "  demon­
s t r a t e s  an a c t i v i t y  w hich i t  i s  im p o s s ib le  to  deny . Any 
such  e a sy  and c o n c lu s iv e  m ethod o f p ro v in g  th e  a c t i v i t y  o f 
th e  som atogen ic  c y to to x in s  i s  o f c o u rs e  ou t of th e  q u e s t io n  
and  w ith  the e x c e p tio n  o f  i n v e s t i g a t io n s  u n d e rta k e n  to  en­
q u ire  i n to  th e  ta k in g  up o f Complement by  the  Im mune-body, 
a l l  th e  t e s t s  depend upon th e  r e a c t io n  o f th e  l i v i n g  c e l l s  
w i th in  th e  body to  th e  a c t io n  o f  th e  c y to to x in .  T hese r e ­
a c t io n s  c o n s i s t  of d e g e n e ra t iv e  changes in  th e  t i s s u e s  v i s i ­
b l e  on m ic ro sc o p ic  e x am in a tio n  and o f  symptoms o f  d i s e a s e  
cau sed  by  the  p o is o n . U n fo r tu n a te ly  i n  re g a rd  to  b o th  o f
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th e s e , d i f f e r e n c e s  o f  o b s e rv a t io n  and o p in io n  g iv e  r i s e  to  g r e a t  
d iv e rg e n c e . In  th e  s tu d y  o f n e p h ro to x in , how ever, a l t e r a t i o n  
i n  th e  u r i n a r y  e x c r e t io n  m igh t b e  supposed  t o  y i e l d  v a lu a b le  
a id  and th e  a p p e a ra n c e  of a lb u m in u r ia  and o f  tu b e  c a s t s  m igh t be 
r e a s o n a b ly  e x p e c te d  in  th e  ev en t o f in ju r y  to  th e  r e n a l  t i s s u e .
I t  i s  p ro b a b ly  on t h i s  a c c o u n t t h a t  n e p h ro to x in  has been  th e  
m ost e x te n s iv e ly  s tu d ie d  o f th e  som atogen ic  c y to to x in s .
What s t r i k e s  one in  g la n c in g  over th e  f a i r l y  e x te n s iv e  l i t e r ­
a tu r e  Q>t th e  s u b je c t  i s  th e  c la im  of some o f  th e  i n v e s t i g a t o r s  
t h a t  much l i g h t  i s  th row n, n o t  o n ly  on th e  a e t io lo g y  and p a th o ­
lo g y  o f  n e p h r i t i s  b u t  a l s o  upon th e  a s s o c ia t e d  c i r c u l a t o r y  
changes and u ra e m ia , b u t  on c l o s e r  e x a m in a tio n  i t  w i l l  b e  
p a i n f u l l y  e v id e n t  t h a t  th e  m a jo r i ty  o f th e  e x p e rim e n ts  h ave  
b een  c o n d u c ted  w ith  v e ry  f a u l t y  te c h n iq u e  and w ith o u t th e  a id  
o f  c a r e f u l  b a c t e r i o l o g i c a l  t e s t s .
The en d eav o u r has been  made to  p ro v e  th e  e x is te n c e  o f th r e e  
d i f f e r e n t  v a r i e t i e s  o f n e p h ro to x in s , v i z : -
(1 )  a u to -n e p h ro  to x in s  o r  a u to -n e p h r o ly s in s
(2 ) is o -n e p h ro to x in s  o r  i s o - n e p h ro ly s in s
( S )h e te ro -n e p h ro to x in s  o r  h e te r o - n e p h r o ly s in s .
In  r e g a rd  to  ( 1 ) ,  s e v e r a l  F ren ch  and I t a l i a n  i n v e s t i g a t o r s  c la im  
th a t  a s  a r e s u l t  o f l i g a t u r e  o f  a u r e t e r  o r  o f the  r e n a l  v e s s e l s , 
to x ic  s u b s ta n c e s  a re  a b so rb ed  by th e  b lo o d  from  th e  d e g e n e ra t in g  
k id n e y  and th e s e ,  o p e r a t in g  t h r o u ^  th e  b lo o d  s tre a m , e x e r c is e  
a d e l e t e r i o u s  e f f e c t  on th e  #k)pposite k id n e y . The d e l e t e r i o u s  
e f f e c t ,  th e y  s a y , i s  due to  the  fo rm a tio n  o f  a u to - n e p h ro to x in s .
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(2 )  I s o -n e p h ro  to x in s  a r e  p ro d u ce d  t h e o r e t i c a l l y  by i n j e c t i n g  
th e  k id n e y  o f one an im a l i n t o  a n o th e r  a n im a l o f th e  same s p e c ie s .  
The b lo o d  serum  o f an im a ls  in  w hich  a t te m p ts  h ave  b een  made to  
g e n e r a te  a u to -n e p h ro to x in s  h a s  b een  c o n s id e re d  when in j e c t e d  
i n t o  a n im a ls  o f  th e  same s p e c ie s  t o  b e  i s o - n e p h r o to x ic .  The 
fo l lo w in g  m ethods have been  u s e d : -
(a )  u n i l a t e r a l  l i g a t u r e  o f  u r e t e r .
(b ) u n i l a t e r a l  l i g a t u r e  o f  v e s s e l s .
(c )  im m u n iza tio n  o f an a n im a l a g a in s t  k id n e y  o f an a n im a l
o f the  same s p e c i e s .
(3 ) He tro -n e p h  r o t  o x in s  a r e  g e n e ra te d  by im m unising an an im al
o f  s p e c ie s  A w ith  th e  k id n e y  o f an an im a l o f  s p e c ie s  B.
A f te r  a num ber of i n j e c t i o n s  o f  v a ry in g  am ounts o f  k id n ey  em ul­
s io n ,  r e p e a te d  a t  i n t e r v a l s ,  u s u a l ly  o f  7 -10  d a y s , a  h e ta ro -n e p h ro -  
to x in  a p p e a rs  in  th e  b lo o d  serum  o f  the  i n j e c t e d  a n im a l and
when t h i s  i s  i n j e c t e d  i n t o  a n o th e r  a n im a l o f  s p e c ie s  B, v a r io u s  
phenomena a r e  o b se rv ed  a c c o rd in g  to  d i f f e r e n t  i n v e s t i g a t o r s ,  i n ­
c lu d in g  a lb u m in u r ia ,  p r o g r e s s iv e  w a s tin g  and d e a th .  The k id n ey s  
show v a r io u s  g ra d e s  o f  d e g e n e ra t iv e  change in c lu d in g  d is a p p e a r ­
an ce  o f  c e l l  g r a n u le s ,  n e c r o s i s  of c e l l s ,  p y k n o tic  c h a n g e s , 
f r a g m e n ta t io n  and d is a p p e a ra n c e  o f  n u c l e i ,  a c c u m u la tio n s  o f  
round  c e l l s  in  th e  i n t e r s t i t i a l  t i s s u e  and o f  th e  g r a n u la r  
m a te r i a l  and  tu b e  c a s t s  i n  th e  tu b u le s .  Some a u th o r s  have  
d e s c r ib e d  symptoms w hich th e y  c o n s id e r  to  a g re e  w ith  th o s e  
caused  by u raem ia  in  man.
We s h a l l  now g la n c e  o v e r  th e  m ost im p o r ta n t  c o n t r ib u t io n s
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to  th e  l i t e r a t u r e  o f th e  s u b j e c t ,  Lindemann* s t a t e s  t h a t  he  
h as  su c c e e d e d  in  p r e p a r in g  an a c t iv e  n e p h ro to x ic  serum  by 
i n j e c t i n g  in to  g u in e a  p ig s  an em ulsion  o f  r a b b i t  k id n e y s .
S c h u ltz e " "  has b een  q u i te  u n a b le  to  o b se rv e  th e  n e p h ro ­
to x ic  e f f e c t  o f  th e  serum  o f r a b b i t s  w hich he i n j e c t e d  w ith  
em ulsion  o f  g u in e a -p ig  k id n e y s .
N e fe d ie ff* * *  p e rfo rm ed  s e v e r a l  s e t s  o f e x p e r im e n ts .
He s t a t e s  t h a t  t h e  serum  o f  r a b b i t s  o b ta in e d  by i n j e c t i n g  
in to  them  em u ls io n s  o f  th e  k id n ey s  o f  g u in e a  p ig s  i s  h ig l i ly  
to x ic  f o r  th e s e  l a t t e r  a n im a ls . He n o te d  a  s l i g h t  a lb u m in ­
u r i a  w h ich  c o rre sp o n d e d  to  th e  l e s io n s  seen  a t  th e  a u to p o y , 
v iZ !  c o n g e s t io n  o f th e  c a p i l l a r i e s  and g lo m e ru li ,  s w e l l in g  
o f  th e  e p i t h e l i a l  c e l l s  w hich had  become more o r  l e s s  g ra n u ­
l a r  and d e s tro y e d  in  c e r t a i n  t u b u le s .  T h is a c t io n  a c c o rd in g  
to  him  i s  s p e c i f i c  f o r  th e  serum  of th e  no rm al r a b b i t  i n j e c ­
t e d  i n  th e  same doses does n o t  p o s s e s s  any g e n e ra l  o r  l o c a l  
t o x i c i t y  f o r  th e  g u in e a  p ig .  On th e  o th e r  hand he fo u n d  
t h a t  th e  serum  o f  g u in e a  p ig s  i n j e c t e d  w ith  em u ls io n s  o f  
r a b b i t s  » k id n e y s  o n ly  p r e s e n te d  e x tre m e ly  f e e b le  n e p h ro to x ic  
p r o p e r t i e s .  He i s  o f  o p in io n  th a t  th e  f e e b le n e s s  o f  th e s e  
n e p h ro to x ic  s e r a  depends on th e  f a c t  t h a t  th e  k id n e y  t i s s u e  
i s  h ig h ly  to x ic  and t h a t  i t  i s  im p o s s ib le  to  i n j e c t  i n t o
. Ann. de  I ' I n s t .  P a s t e u r ,  f e v . , 1900.
. .  D e u tsch  med, Wochen, 1900, N o ,27 .
. . .  Ann. de  I ' I n s t .  P a s t e u r ,  1901, p 1 7 .
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th e  a n im a ls  u se d  i n  th e  above e x p e rim e n ts  a  s u f f i c i e n c y  of 
k id n ey  em u ls io n  to  p ro d u ce  a  p o w e rfu l n e p h ro to x ic  se rum .
N e f e d ie f f  a ls o  i n v e s t i g a t e d  th e  e f f e c t  upon th e  o th e r  
k id n ey  o f  ty in g  one o f  th e  u r e t e r s  o f  th e  r a b b i t  and a ls o  
a f t e r  an i n t e r v a l  th e  e f f e c t  o f  th e  i n j e c t i o n  o f th e  serum  
o f  su c h  an an im al i n to  a  norm al one o f  th e  same s p e c i e s .
He fo u n d  t h a t  on e x a m in a tio n  of th e  o th e r  k id n ey  o f  th e  
an im al t h a t  h ad  one o f  i t s  u r e t e r s  t i e d  e x te n s iv e  changes 
i n  th e  e p i th e l iu m  were met w ith .  T hat o f th e  s t r a i ^ i t  
tu b u le s  was a t r o p h ie d  w l i i l s t  t h a t  o f th e  c o n v o lu te d  
tu b u le s  was e x te n s iv e ly  v a c u o la te d  and th e  n u c le i  had  d i s ­
a p p e a re d  o r  w ere g r e a t ly  m o d if ie d . He a t t r i b u t e s  t h i s  
change to  th e  a c c u m u la tio n  of to x ic  p ro d u c ts  i n  th e  b lo o d  
w hich e x e r c is e d  t h e i r  h u r t f u l  a c t io n  on th e  f u n c t i o n a t i n g  |  
k id n e y . A f te r  th e  i n j e c t i o n  o f th e  serum  he o b se rv e d  a  t 4 
n o ta b le  a lb u m in u r ia  and th e  k id n e y s  o f th e  a n im a ls  p r e s e s -  
t e d  a l l  th e  a p p e a ra n c e s  o f a  d i f f u s e  in f la m m a tio n . Th* 
e p i th e l iu m  o f  th e  c o n v o lu te d  tu b u le s  was e i t h e r  n e c ro s e d  
o r  e x te n s iv e ly  v a c u o la te d  and th e  v e s s e l s  o f  th e  i n t e r s t i ­
t i a l  t i s s u e  and o f th e  g lo m e ru li  w ere v e ry  hyperaem ic  w h i l s t  
a c c u m u la tio n s  o f  round  c e l l s  were met w ith  be tw een  th e  
tu b u le s .
C a s ta ig n e  a n d  R a th e ry " ,  who l a i d  g r e a t  p t r e s s  e n  t h e
  —:  ^ , ■
. T o x ic i té  de l a  s u b s ta n c e  r e n a le  e t  n e p h ro to a ^ n e s .
P re s s  m é d ic a le , a o û t ,  1902,
L e s io n s  e x p é r im e n ta le s  du r e i n .  
A rch , de med, e x p e r . , s e p t . ,  1902.
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o f  th e  r e n a l  t i s s u e  o b ta in e d  b o th  an a u to —n e p h ro ­
to x i c  serum  a rd  a h e te r o - n e p h r o to x ic  se rum . The l a t t e r  
th e y  o b ta in e d  by  i n j e c t i n g  r a b b i t s  w ith  g u in e a -p ig  k id n e y s . 
The a c t i v i t y  o f  t h i s  serum  th e s e  o b s e rv e r s  h o ld  to  be 
p ro v ed  by  (a )  th e  d e a th  o f  two a n im a ls  a f t e r  i n j e c t i o n ,
(b ) th e  o c c u r re n c e  o f  a lb u m in u r ia ,  (c )  c o n s ta n t  d im in u tio n  
i n  w e ig h t , and (d ) th e  p re s e n c e  o f  m ic ro sc o p ic  l e s io n s  o f  
th e  k id n e y s .
A lb a rra n  and  B ernard*  fo llo w e d  up th e  l a s t  two o b s e r ­
v e rs  by r e p e a t in g  and f u r t h e r  e la b o r a t in g  some o f t h e i r  
e x p e r im e n ts . They a ls o  d w e lt a t  l e n g th  on th e  p o w erfu l 
t o x ic  a c t io n  o f  th e  r e n a l  parenchym a and adduced s e v e r a l  
e x p e r im e n ts  to  p ro v e  t h e i r  c o n te n t io n .  On acco u n t o f  th e  
d i f f i c u l t y  e x p e r ie n c e d  in  p r e p a r in g  a  n e p h ro to x ic  serum  by 
i n j e c t i n g  r a b b i t s  w ith  g u in e a -p ig  k id n e y s  th e y  had r e c o u r s e  
to  an im als  o f v e ry  d i f f e r e n t  s p e c ie s .  They s u b je c te d  g e e se  
to  s e r i e s  o f  i n j e c t i o n s  o f  g u in e a -p ig  k id n e y  em u lsio n . The
/
g e e se  d id  n o t  s ta n d  th e  i n j e c t i o n s  w e ll  b u t c o n s id e ra b ly  
b e t t e r  th a n  r a b b i t s .  The serum , how ever, w hich th e y  ob­
t a in e d  even a f t e r  m assiv e  do ses o f  k id n e y  su b s ta n c e  a p p e a re d  
to  be  v e ry  s l i g h t l y  to x ic  f o r  in  o rd e r  to  k i l l  a  g u in e a  p i g ,  
, i n j e c t i o n s  o f th e  n e p h ro to x ic  serum  had  to  be re p e a te d  
s e v e r a l  t i m e s , and even th e n  th e  g u in e a  p ig s  d id  n o t d ie
. E tu d e  s u r  l e s  c y to to x in é s  r e n a l e s .
A rc h iv . de med. e x p e r . ,  j a n v i e r ,  1903.
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u n le s s  th e  serum  was d e r iv e d  from  d i f f e r e n t  g e e s e . T hese 
Ob s e r v e r s  d i f f e r e d  from  th e  p re c e d in g  ones i n  t h a t  th e y  
r e f u s e d  to  a t t r i b u t e  e i t h e r  to  k id n e y  s u b s ta n c e  o r  to  th e  
serum  o f an a n im a l i n j e c t e d  w ith  k id n e y  s u b s ta n c e  any s p e c i ­
f i c  a c t i o n .  They found  l e s io n s  p r a c t i c a l l y  i d e n t i c a l  when 
th e y  i n j e c t e d  in to  an im a ls  e i t h e r  em u lsio n  o f l i v e r  s u b ­
s ta n c e  o r  th e  serum  o f an a n im a l which had  been  s u b je c te d  
to  a  s e r i e s  o f  i n j e c t i o n s  o f l i v e r  s u b s ta n c e .
They a ls o  r e p e a te d  N e f e d i e f f 's  ex p erim en t o f ty in g  one 
o f  th e  u r e t e r s  in  a  r a b b i t  and a f t e r  a  tim e  i n j e c t i n g  th e  
serum  o f  t h i s  an im al in to  a  norm al o n e . The r e s u l t s  w ere 
i n c o n c lu s iv e ,  i n  o n ly  one o f  a  s e r i e s  o f  f o u r  an im als  were 
s ig n s  o f  an e p i t h e l i a l  n e p h r i t i s  v i s i b l e .  The r e s u l t s  ob ­
t a i n e d  on exam in ing  s e c t io n s  o f th e  f u n c t io n a t in g  k id n ey  
o f  th e  a n im a l w hich had i t s  u r e t e r  t i e d ,  were a ls o  in c o n ­
c lu s iv e .
B e rte n so n *  c a r r i e d  ou t v a r io u s  o p e r a t iv e  p ro c e d u re s  on 
t h e  k id n e y  w ith  th e  e f f e c t  o f  p ro d u c in g  h y p e r tro p h y , d e g en ­
e r a t i o n  o r  in fla m m a tio n  o f  th e  o p p o s i te  o rg a n .
A s c o li  and  F i g a r i " ' t r e a t e d  r a b b i t s  w ith  s e r i e s  o f  
i n j e c t i o n s  o f em ulsion  o f  dogs* k id n e y s :  many o f  th e  r a b b i t s
. C o n tr ib .  a  1*anatom ie  p a th ,  de l» h y d ro n e p h ro se  e x p e r .
Bobn. G az. B ork . 1900 .
,. N e p h ro ly s in . „  o>.
B e r l .  K l in .  Wochen. ,  1 9 0 2 ,, N o ,24 .
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d ie d .  A few  days a f t e r  th e  i n j e c t i o n  o f  th e  serum  o f  th e s e  
r a b b i t s  i n to  d o g s , m arked a lb u m in u r ia  (up to  10^) a p p ea re d  
w ith  h a e m a tu r ia  and c y l i n d u r i a  w hich l a s t e d  f o r  weeks and 
even m o n th s . The g e n e ra l  c o n d i t io n  o f th e  an im a ls  s u f f e r e d  
b u t no oedema o r  u raem ic  syniptoms were e v id e n t .
They a l s o  i n v e s t i g a t e d  th e  e f f e c t  o f  l i g a t u r i n g  one 
u r e t e r  and a ls o  o f  rem oving a  k id n ey  and th e y  found  th e  
i n j e c t i o n  o f  th e  serum  o f  an a n im a l t r e a t e d  th u s  i n to  an 
a n im a l o f th e  same s p e c ie s  c au sed  a  c o n d it io n  s i m i l a r  to  
t h a t  w hich  th e y  o b se rv e d  in  t h e i r  p re v io u s  e x p e rim e n ts  b u t 
l e s s  s e v e r e .  They c o n se q u e n tly  came to  th e  c o n c lu s io n  t h a t  
su ch  a  serum  c o n ta in s  an  i s o l y s i n .  I n  th e  above e x p erim en ts  
th e y  c o n s id e re d  t h a t  a u to ly s in s  w ere p r e s e n t  on acc o u n t o f  
(1 )  t h e  p ro tra c te d  l e n g th  o f th e  c a s e s ,  (2) serum  o f  a dog 
w hich  has r e c e iv e d  h e t e r o ly s in  when i n j e c t e d  in to  o th e r  
dogs c au se d  a lb u m in u r ia  a f t e r  a  l a t e n t  p e r io d ,  (3) serum  
o f  a  r a b b i t  w ith  one u r e t e r  l i g a t u r e d  c o n ta in s  i s o l y s i n ,  
a ls o  a u to ly s in  b e ca u se  u r in e  i s  a lb u m in o u s. (4 ) They a ls o  
came to  th e  c o n c lu s io n  t h a t  a u to -n e p h ro ly s in s  e x i s t  b e c a u se  
i f  one i n j e c t s  a  dog A w ith  h e a te d  serum  o f a n o th e r  dog 
B w hich h a s  a l r e a d y  been  t r e a t e d  w ith  h e te r o ly s in  and th e n  
a  week l a t e r  i n j e c t  h e t e r o ly s in  in to  dog A no r e s u l t  
a p p e a rs ;  i f ,  how ever, th e  serum  o f  th e  dog be  h e a te d  b e fo r e  
i n j e c t i o n  th e  m orb id  r e s u l t  i s  m ere ly  d e la y e d .
T hese o b s e rv e rs  a ls o  n o t ic e d  t h a t  when one o f  th e  
u r e t e r s  o f  a  r a b b i t  was t i e d ,  th e  a n im a l dev e lo p ed  m arked
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h e a r t  h y p e r t ro p h y , e s p e c i a l l y  o f  th e  l e f t  v e n t r i c l e .  They 
a ls o  n o te d  a r i s e  in  th e  b lo o d  p r e s s u r e  cu rv e  in  th e  dog 
a f t e r  an i n j e c t i o n  o f  h e t e r o l y s i n ,  w h i l s t  i n  a  c o n t r o l  a n i ­
m al i n j e c t e d  w ith  no rm al r a b b i t  serum  th e r e  was no su c h  
c h an g e .
They a ls o  i n v e s t i g a t e d  th e  e f f e c t  o f  i n j e c t i n g  h e t e r o ­
l y s i n  s u b d u ra l ly  in  dogs com paring  i t  w ith  th e  e f f e c t  p ro ­
duced  on i n j e c t i n g  norm al r a b b i t  serum . I n  th e  fo rm er c a se  
th e  r e s u l t s  were v e ry  m arked . Tonic and  c lo n ic  sp a sm s, 
p a r a l y s i s  and  d e a th  o c c u r re d  in  a  few  h o u rs  ? /hereas i n  th e  
c o n t r o l  a n im a l no e f f e c t  was n o t i c e a b l e .
No r e s u l t s  o f  any h i s t o l o g i c a l  e x a m in a tio n  o f  th e  
k id n e y s  a r e  g iv e n ,
B ie rry *  in  a number o f somewhat s h o r t  and d i s j o in t e d  
p a p e r s ,  h a s  i n v e s t i g a t e d  th e  e f f e c t s  o f  t r e a t i n g  r a b b i t s  w ith  
d o g s ' k id n e y s . H is  r e s u l t s  a g re e  w ith  th o s e  o f  A sc o li  and 
F i g a r i  in  r e g a rd  to  th e  amount and p e r s i s t e n c e  o f the  a lb u ­
m in u r ia  in d u ce d  by  th e  i n j e c t i o n  o f  a se rum , o b ta in e d  as 
above , i n t o  d o g s . He h a s  a ls o  su cceed ed  in  im m unising r a b b i t s
■ J
a g a in s t  dogs* k id n e y s  by i n j e c t i n g  th e  n u c lé o  -a lb u m in s  o f  
th e s e  o rg an s  in s t e a d  o f th e  o rg an s  th e m se lv e s ,
• R ech erch es s u r  l e s  n e p h ro to x in e s . C . r .  d e  l a  S oc . de 
N o .26 , 1902, a l s o  N o .13 , 1 9 0 3 , and C .r . ‘ de  l»A cad ; des Se^ 
N o .1 4 , 1903.
R ech erch es s u r  l e s  i n j e c t i o n s  d e  sang  e t  de  serum  c y to ti  
au  c h ie n .
C . r .  de  l a  Soc: de B io l :  1901 .
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I f  th e  p e d ic le  o f  a d o g 's  k id n e y  be  t i e d  l e a v in g  th e  u r e t e r  
f r e e  and i f ,  a f t e r  an i n t e r v a l ,  a le u c o to x ic  serum  d e r iv e d  
from  th e  g o o se  o r r a b b i t  be  th e n  i n j e c t e d  i n to  th e  an im al 
m arked a lb u m in u r ia  a p p e a rs .  From t h i s  o b s e rv a t io n  h e  comes 
to  the  c o n c lu s io n  t h a t  th e  n e p h ro to x in s  a re  l e u c o c y t ic  p o is o n s  
w h ich , when th e  le u c o c y te s  a r e  d e s t ro y e d ,  p a s s  in to  th e  c i r ­
c u l a t i o n  and e x e r t  t h e i r  p o iso n o u s  a c t io n .
In  th e s e  ex p erim e n ts  no m en tion  i s  made o f  m ic ro sc o p ic  
e x am in a tio n  o f  th e  k id n ey s  o r  b a c t e r i o l o g i c a l  t e s t s  o r  t e s t s  
o f  th e  h a e m o ly tic  pow er o f  th e  s e r a  em ployed. The s e r a  ob­
t a in e d  by  B ie r r y  w ere  v e ry  f e e b l e  a s  a r u l e ,  a n d , ex cep t f o r  
th e  f a c t  t h a t  th e y  cau sed  a lb u m in u r ia ,  d id  n o t  seem to  p o s s e s s  
any e v id e n t n e p h ro to x ic  p r o p e r t i e s .
P ea rce*  r e p e a te d  m ost o f  th e  e x p e rim en ts  o f  p re v io u s  
i n v e s t i g a t o r s  and he  was th e  f i r s t  to  employ p r o p e r  c o n t r o l s  
and c a r e f u l  b a c t e r i o l o g i c a l  t e s t s .  In  re g a rd  to  l i g a t u r e  o f  
th e  u r e t e r  or v e s s e l s  o f one k id n e y , h e  came to  th e  c o n c lu s io n  
from  th e  c a r e f u l  s tu d y  o f  s e v e r a l  c a s e s  t h a t  t h i s  p ro c e d u re  
d o e s  n o t  p ro d u c e  changes w hich d i f f e r  i n  any  way from  th o s e  
fo l lo w in g  u n i l a t e r a l  n ep h rec to m y , th a t  i s  to  s a y , th a t  u n d e r  
no rm al p h y s io lo g ic a l  c o n d i t i o n s ,  th e  d e g e n e ra t io n  o f  r e n a l  
c e l l s  does n o t  le a d  to  th e  p ro d u c tio n  o f a u to - n e p h r o to x in s .
In  re g a rd  to  the  fo rm a tio n  o f  i s o - n e p h r o to x in s , one may s a y  
h i s  r e s u l t s  w ere  e n t i r e l y  n e g a t iv e .  He a tte m p te d  th e  fo rm a tio n
. Univ: of penna: Med: B u l l :  v o l .  x v i ,  p . 217 .
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o f  h e te r o - n e p h r o to x in s  in  th r e e  w ays, v i z :  (1 ) th e  i n j e c t i o n  
o f  th e  k id n e y  of th e  r a b b i t  i n to  g u in e a  p i g s ,  (2 ) th e  i n j e c ­
t io n  o f  g u in e a  p ig  k id n q y  i n t o  r a b b i t s  (S ) th e  i n j e c t i o n  o f 
dog k id n e y  in to  the r a b b i t .  The serum  p ro d u ced  by th e  f i r s t  
tv/o m ethods gave u n s a t i s f a c t o r y  and in c o n c lu s iv e  r e s u l t s .
The r e s u l t s  o b ta in e d  by th e  3 rd . m ethod w ere i n t e r e s t i n g .  He 
came to  th e  c o n c lu s io n  th a t  th e  h a e m a tu r ia  o b se rv ed  by  A s c o li  
and F i g a r i  a f t e r  th e  i n j e c t i o n  o f  t h i s  serum  was r e a l l y  a 
h a e m o g lo b in u r ia  d ep en d in g  on th e  p re s e n c e  o f a p o w e rfu l 
b a e m o ly tic  immune body . The serum  o f  a n im a ls  t r e a t e d  w ith  
washed k id n q y s  f a i l e d  to  p ro d u c e  h a e m o g lo b in u r ia  b u t  s e t  up 
an in te n s e  a lb u m in u r ia  w ith  num erous tu b e  c a s t s  w hich  p e r s i s ­
te d  f o r  many days H ow ever, even  w ith  th e  serum  d e r iv e d  from  
unw ashed k i d n ^ s  th e  p e r s i s t e n c e  o f  th e  a lb u m in u r ia  f o r  two 
o r  t h r e e  m onths was n e v e r  o b se rv e d . H i s t o l o g ic a l  ex am in a tio n  
o f  th e  k id n ey s  showed e x te n s iv e  g r a n u la r  d e g e n e ra t io n  o f  the 
c o n v o lu te d  tu b u le s  and f a t t v  changes d e m o n s tra te d  by osmic 
a c id  l im i t e d  a lm o s t e x c lu s iv e ly  to  th e  lo o p s  o f  H en le  C a s ts  
w ere se e n  e s p e c i a l l y  in  th e  c o l l e c t i n g  tu b u le s .  G lom eru li 
w ere  much c o n g e s te d . The a n im a ls  l o s t  w e ig h t i n v a r i a b ly .
P e a rc e  t r e a t e d  th e  serum  d e r iv e d  from  unw ashed k id n q y s  
w ith  w ashed d o g s ' re d  c o rp u s c le s  a t  0°C . A f t e r  an h o u r  th e  
serum  was found  to be o n ly  f a i n t l y  h a e m o ly tic  b u t h e  th o u g h t 
t h a t  th e  n e p h ro to x ic  serum  had  l o s t  some o f  i t s  s t r e n g th .  On 
t h i s  a c c o u n t i n  th e  re m a in d e r o f  h i s  e x p e rim e n ts  h e  o n ly  u sed
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th o ro u g h ly  washed k id n ^ r s  f o r  p u rp o s e s  o f  im im m iza tio n .
A serum  p ro d u ced  by t h i s  m ethod n e v e r  c au sed  h a e m o g lo b in u ria  
b u t  i t s  a c t io n  on th e  k id n e y s  was e v id e n c e d  by  s e v e re  a lbum in­
u r i a  and abundance  o f  g r a n u la r  and f a t t y  c a s t s .  The h i s t o ­
l o g i c a l  changes w ere  v e ry  s im i l a r  to  th o s e  p ro d u ced  by th e  
serum  from  unw ashed k id n % rs.
P e a rc e  co n firm ed  th e  o b s e r v a t io n  o f  B ie r r y  t h a t  th e  
serum  o f  dogs t r e a t e d  w ith  n e p h ro to x ic  serum  c o u ld , when i n ­
j e c t e d  i n to  f r e s h  d o g s , c a u se  r e n a l  d i s tu r b a n c e  ev id en ced  by 
t r a n s i e n t  a lb u m in u ria  and e x c r e t io n  o f  tu b e  c a s t s .  The dogs 
whose serum  gave  p o s i t i v e  r e s u l t  had  had  a s e r i e s  of i n j e c ­
t io n s  o f  n e p h ro to x ic  serum .
Dogs w ere a ls o  t r e a t e d  by h e p a to to x ic  serum  and th e  
e f f e c t  on th e  k id n e y s  was p r a c t i c a l l y  i d e n t i c a l  to  th a t  cau sed  
by n e p h ro to x ic  serum .
P e a rc e  d e s c r ib e d  a sp o n tan eo u s n e p h r i t i s  in  dogs accom­
p a n ie d  by  a lb u m in u ria  w i th  tu b e  c a s t s  w hich he met w i th  in  
13 o u t o f  64 d o g s . I n j e c t i o n  o f the  serum  of th e s e  dogs 
i n t o  no rm al ones in  some c a s e s  cau sed  s l i ^ t  te a ip o ra ry  
a lb u m in u r ia .
I t  was found t h a t  th e  serum  d e r iv e d  from  a n im a ls  t r e a te d  
w ith  th e  c o r te x  o f  k id n e y  was much more to x ic  th an  th a t  d e ­
r iv e d  from  a n im a ls  t r e a te d  w ith  m ed u lla  o n ly .
P e a rc e  was q u i te  u n a b le  to  c o r r o b o r a te  th e  o b s e rv a t io n s  
o f  P i g a r i  and A s c o li  in  r e g a rd  to  the r i s e  o f  b lo o d  p r e s s u r e
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a f t e r  th e  i n j e c t i o n  o f  h e te r o n e p h r o to x in .  A l l  a t te m p ts  a t  
th e  p ro d u c t io n  o f c h ro n ic  r e n a l  changes by  i n j e c t i o n s  o f  
h e te r o n e p h r o to x in  or by  ty in g  a u r e t e r  w ere  e n t i r e l y  f r u i t l e s s ,
In  d i s c u s s in g  th e  s p e c i f i t y  o f  n e p h ro to x in , P e a rc e  
a l l u d e s  to  M o rg e n ro th 's  v iew s  on th e  c o n f l i c t i n g  q u e s t io n  o f  
th e  s p e c i f i c i t y  o f the c y to to x in s  t h a t  s p e c i f i c i t y  i s  a 
q u e s t io n  n o t  o f  c e l l s  b u t  o f  d c c e p to r s ;  w hence a g iv e n  c e l l  
may be i n  c h e m ic a l c o n fo rm ity  w itli  c e l l s  o f  a d i f f e r e n t  o rgan  
o r  a n im a l. As th e  h e p a to  to x in  and h a  emo l y s i n  a ls o  e x c i te d  an 
a c t io n  upon th e  k id n q y  t h e i r  r e l a t i o n  to  n e p h ro to x in  i s  f u r ­
th e r  e s t a b l i s h e d .
Woltmann* h a s  r e c e n t l y  i n v e s t i g a t e d  th e  s p e c i f i c i t y  o f  
th e  c y to to x in s .  In  h i s  e x p e rim e n ts  g e e se  w ere u se d  f o r  th e  
p ro d u c t io n  of the c y to to x in s  and t h e  m a te r i a l  in o c u la te d  in to  
them  was o b ta in e d  from  sh e e p . H is  g e n e ra l  c o n c lu s io n  i s  t h a t  
none  o f  tlie c y to to x in s  can  b e  re g a rd e d  as r e a l l y  s p e c i f i c  
a lth o u g h  n e p h ro to x in  comes n e a r e s t  b e in g  so . Marked co n g es­
t i o n  o f  th e  m e d u lla ry  p o r t io n  o f  th e  k id n e y  and pronounced  
c lo u d y  s w e l l in g  o f  th e  c o r te x  w ere o b se rv ed  a f t e r  in o c u la t io n  
w i t l i  t h i s  to x in  and w ith  no  o th e r  to x in  w ere s i m i l a r  changes 
o f  th e  same s e v e r i t y  fo u n d .
. J o u rn a l  o f  E x p e rim e n ta l M e d ic in e .,  A p r i l ,  1905 .
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METHODS EMPLOYED IN THE INVESTIGATIONS DESCRIBED BELOW.
We now p ro c e e d  to  g iv e  a s h o r t  d e s c r i p t i o n  o f  th e  
v a r io u s  m ethods employed i n  th e  i n v e s t i g a t i o n s  w hich we have  
co n d u c ted  w ith  th e  o b je c t  o f  th ro w in g  m ore l i j ^ t  i f  p o s s ib l e  
upon  th e  s u b je c t  o f the  n e p h ro to x in s .
R a b b its  w ere  th e  a n im a ls  em ployed f o r  im m u n iza tio n  
and thqy  w ere  a l l  s p e c i a l l y  s e l e c te d  on a c c o u n t o f  t h e i r  
v ig o u r .  The r a b b i t s  w ere t r e a t e d  in  th e  fo l lo w in g  m anner 
w ith  th e  k id n ^ r s  o f g u in e a  p ig s  inhich had  b een  b le d  to  d e a th  
from  th e  c a r o t i d  im m ed ia te ly  b e f o r e .  The k id n e y s  w ere r e ­
moved from  th e  g u in e a  p ig  w i th  o rd in a ry  a s e p t i c  p r e c a u t io n s ,  
a n d w ith o u t w a sh in g , and p la c e d  in  a s t e r i l i s e d  v/atch g l a s s ,  
th e  w e i ^ t  o f  w hich  was known. The c a p s u le s  o f  the  k id n e y s  
and any lo o s e  f a t t y  t i s s u e  w ere  th e n  c a r e f u l l y  removed and 
th e  w e ig h t o f  th e  o rgans a s c e r t a in e d .  The k id n e y s  w ere th en  
t r a n s f e r r e d  to  a p o r c e la in  m o r ta r  and red u c ed  to  an e m u ls io n . 
T h is  p ro c e s s  was much f a c i l i t a t e d  by s n ip p in g  up th e  k id n e y s  
i n t o  sm a ll  p ie c e s  w ith  s c i s s o r s  b e fo re  u s in g  th e  p e s t l e  a t  
a l l ,  and a ls o  by  h a v in g  th e  m o r ta r  q u i te  d ry .  The r e d u c t io n  
o f  the k id n e y  to  a f i n e  s t a t e  o f  em u lsion  demands th e  expen­
d i t u r e  o f  c o n s id e r a b le  tim e  and la b o u r  and when l a r g e  q u a n t i ­
t i e s  w ere  b e in g  t r e a t e d  a g r e a t  s a v in g  o f  th e s e  two v a lu a b le  
i t  ans was e f f e c te d  by ru b b in g  th e  c o a r s e  em ulsion  one o r  m ore 
t im e s  t h r o u ^  a f i n e  w ire  gauze t e a - s t r a i n e r .  S t e r i l i s e d  
no rm al s a l t  s o l u t io n  was g r a d u a l ly  added b u t  n o t  b e fo r e  th e
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k id n e y  had  b e en  red u ced  to  a  f a i r l y  f i n e  s t a t e  o f  d i v i s i o n .
By th e s e  m eans a f in e  em u ls io n  was o b ta in e d  w hich  how ever 
a lw ays c o n ta in e d  c o a r s e  p a r t i c l e s  w hich  s u b s id e d  on s ta n d in g .  
The em u lsio n  was i n j e c t e d  by  m eans o f  an a n t i t o x i n e  s y r in g e .
I t  was found  much m ore c o n v e n ie n t  to  h ave  t h e  n e e d le  f i t t i n g  
t o  the  s y r in g e  w ith o u t  a sc rew  a s ,  when l a r g e  q u a n t i t i e s  had  
to  be  i n j e c t e d ,  th e  s y r in g e  was much m ore e a s i l y  w ithdraw n 
f o r  r e - f i l l i n g  -  th e  n e e d le  b e in g  l e f t  " in  s i t u " .  The i n j e c ­
t i o n  was made i n to  th e  p e r ito n e u m  in  a l l  c a s e s  and th e  s i t e  o f 
i n j e c t i o n  was anyw here ab o u t th e  c e n t r e  o f  the abdomen so  a s  
to  b e  c l e a r  o f  th e  l i v e r  above and o f  th e  p e lv i c  v i s c e r a  
b e lo w . P r e p a r a to r y  to  m aking th e  i n j e c t i o n ,  i f  th e  h a i r  was 
v e ry  lo n g ,  i t  was c u t  s h o r t  o v e r th e  s e l e c te d  a re a  w hich  was 
th e n  rubbed  w itli 5^ l y s o l .  In  m aking th e  i n j e c t i o n ,  th e  s k in  
and m u sc le  i s  p in c h e d  up betw een  th e  f i n g e r  and thumb o f  the 
l e f t  hand  and the  n e e d le  t h r u s t  b o ld ly  in  w ith  th e  r i ^ i t .
The i n t e s t i n e  i s  n o t  e a s i l y  wounded. On th e  o th e r  hand i f  
th e  n e e d le  be  n o t  i n s e r t e d  r i ^ t  i n t o  th e  abdom inal c a v i ty  
and a l a r g e  q u a n t i ty  o f em u lsion  be i n j e c t e d ,  s lo u g h in g  o f  
th e  s k in  o f  the  abdomen may o c cu r from  e x c e s s iv e  d i s t e n s io n  
o f  th e  su b c u tan e o u s  t i s s u e  w itli e m u ls io n . T h is a c c id e n t  i s  
r a l h e r  a p t  to  o c c u r a s  th e  m u sc le  te n d s  to  jump from  b e tw e ^  
th e  f i n g e r  and thumb u n le s s  a  good g r ip  b e  ta k e n . In  the 
sev en  r a b b i t s  w hich  w ere immunised w ith  g u in e a  p ig  k id n ey
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e rao lsio n  s l i g h t  s lo u g h in g  o f  th e  abdom inal w a l l  o c c u rre d  in  
two i n  th e  c o u rs e  o f  th e  i n j e c t i o n s  b u t  i t  was v e ry  l im i te d  
a n d , a f t e r  th e  s lo u g h  s e p a r a te d ,  h e a l in g  was r a p id .
A l l  th e  a p p a ra tu s  r e q u ir e d  in  th e  above p ro c e d u re s  i s  
s im p le  and e a s i l y  s t e r i l i s e d  by  b o i l i n g .  N e f e d ie f f  w ith  
a p p a r a tu s  somewhat s i m i l a r  to  t h a t  d e s c r ib e d  above found th a t  
a l l  th e  a n im a ls  t r e a t e d  e i t h e r  d ie d  o r p r e s e n te d  s ig n s  o f  
a b s c e s s  fo rm a tio n  a t  th e  s e a t  o f  p u n c tu re  a f t e r  th e  f i r s t  and 
second  i n j e c t i o n .  He a t t r i b u t e d  t h i s  r e s u l t  to  a e r i a l  con­
ta m in a t io n  o f  th e  em ulsion  d u r in g  Hie p ro c e s s  o f  p a s s in g  i t  
th rough  th e  s t r a i n e r  an d , i n  o r d e r  to  a v o id  t h i s ,  he in v e n te d  
an  e la b o r a te  p r e s s  c o m p le te ly  p r o t e c te d  from  th e  a i r  and 
c a p a b le  o f  s t e r i l i s a t i o n  in  an a u to c la v e .  The em ulsion  th u s  
p re p a re d  was found  to  be  s t e r i l e .
I n  th e  p r e s e n t  i n v e s t i g a t i o n  th e  im m unised r a b b i t s  had  
th e  n e p h ro to x ic  pow er o f  t h e i r  serum  t e s te d  b e f o r e  b e in g  b le d  
to  d e a th .  B lood  was w ith d raw n  from  th e  e a r ,  c e n t r i f u g a l i s e d  
and th e  serum  was p i p e t t e d  o f f .  I f  i t  w ere d e s i r e d  to  e lim ­
i n a t e  th e  h a e m o ly tic  immune body in  th e  serum  i t  was m ixed 
w it l i  e x c e ss  o f  washed g u in e a  p ig  red  b lo o d  c o rp u s c le s  and 
k e p t  a t  0°C . f o r  one h o u r .  A f te r  t h i s  t r e a tm e n t  th e  serum  
p ro v ed  to  b e  on ly  v e ry  s l i ^ t l y  h a e m o ly t ic .  I f  th e  serum  from  
th e  r a b b i t  ap p ea red  s a t i s f a c t o r i l y  to x ic  when i n j e c t e d  in to  a
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g u in e a  p i g ,  th e  an im al was b le d  from  th e  c a r o t i d .  The b lo o d  
b e in g  a llo w e d  to  c o a g u la te  was p la c e d  in  a  c o o l cham ber t i l l  
th e  serum  s e p a r a te d  when i t  was p o u red  o f f  and p u t up in  
s e a le d  g l a s s  tu b e s .  The serum  was s t e r i l i s e d  by  p la c in g  th e  
tu b e s  in  a s to v e  a t  56^C f o r  one h o u r  each  s u c c e s s iv e  day  in  
a w eek. The n e p h ro to x ic  serum  was i n j e c t e d  in to  g u in e a  p ig s  
i n t r a - p e r i t o n e a l l y ,  th e  s k in  o f  d ie  abdomen b e in g  s t e r i l i s e d  
by ru b b in g  w ith  t u r p e n t in e ,  s p i r i i t  and th e n  l y s o l ,  th e  
h a i r  h a v in g  p r e v io u s ly  b e e n  c u t s h o r t .  G uinea p ig s  d y in g  
a f t e r  i n j e c t i o n  w ith  n e p h ro to x ic  serum  w ere exam ined as  soon 
a f t e r  d e a th  a s  p o s s ib l e ,  and to  e x c lu d e  b a c t e r i a l  i n f e c t i o n  
o f  th e  p e r i to n e u m , f i lm s  w ere  made o f th e  e x u d a te  w hich w ere 
s t a in e d  w ith  m eth y len e  b lu e  o r  c a rb o l  th io n in e  b lu e  and 
J e n n e r *s s t a i n .  C u ltu re s  w ere a ls o  made on a g a r -a g a r  tu b e s .  
A l l  a n im a ls  w ere  k ^ t  in  c a g e s ,  the  b o tto m s o f  which w ere o f  
w ire  n e t t i n g  b e n e a th  w hich w ere m e ta l t r a y s  so  th a t  th e  u r i n e  
was e a s i l y  c o l l e c t e d .
The u r in e  o f b o th  th e  r a b b i t s  and g u in e a  p ig s  was re g u ­
l a r l y  %camined by H e l le r* s  and  th e  h e a t  t e s t s .  The u r i n e  was 
c le a r e d  e i t h e r  by a c id i f y in g  and f i l t e r i n g  o r ,  i f  t h a t  d id  
n o t  p ro v e  s u f f i c i e n t ,  by  p r e c i p i t a t i n g  th e  p h o sp h a te s  w ith  
c a u s t i c  p o ta s h  s o l u t io n ,  f i l t e r i n g  and th en  s l i ^ t l y  a c i d i f y ­
in g  w i th  a c e t i c  a c id .  The g u a ia c  t e s t  was a ls o  r e g u l a r ly  
em ployed.
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We s h a l l  c o n s id e r  th e  v a r io u s  phenomena ob serv ed  in  
c o n n e c tio n  w ith  th e  p ro d u c t io n  o f  th e  n e p h ro to x ic  serum  in  
th e  r a b b i t  and i t s  i n j e c t i o n  in to  g u in e a  p ig s  u n d e r th e  
fo l lo w in g  h e a d in g s  : -
I .  The e f f e c t  o f th e  i n j e c t i o n  o f  g u in e a  p ig  k id n ey  
em u ls io n  i n t o  th e  r a b b i t ,  i n c l u d i n g : -
(A) Symptoms a f t e r  i n j e c t i o n .
(B) Changes o b se rv ed  i n  th e  p e r i t o n e a l  e x u d a te .
(C) C hanges seen  in  th e  r a b b i t ' s  p e r i to n e u m  and
(D) I n  th e  b lo o d  and i n  th e  v a r io u s  o rg a n s .
I I .  The e f f e c t  of th e  i n j e c t i o n  o f th e  n e p h ro to x ic  
serum  o f  th e  r a b b i t  i n to  g u in e a  p i g s ,  i n c l u d i n g : -
(A) Synptom s a f t e r  i n j e c t i o n .
(B) Changes se en  in  th e  k id n q y s  and o th e r  o rg a n s .
(C) Changes o b se rv e d  a f t e r  r e p e a te d  sm a ll d o se s  o f
n e p h ro to x ic  serum  w ith  th e  id e a  o f  in d u c in g  
c h ro n ic  c h a n g e s .
And l a s t l y ,  we s h a l l  c o n s id e r  b r i e f l y ,  u n d e r I I I ,  th e  
r e s u l t s  o f some e x p e rim e n ts  made " i n  v i t r o "  g iv in g  a s h o r t  
a c c o u n t o f the  p ro c e d u re  fo llo w e d .
I .  (A ).
As s t a t e d  ab o v e , 7 r a b b i t s  w ere t r e a te d  i n t r a - p e r i  tone- 
e l l y  w ith  g u in e a  p ig  k id n e y  em u ls io n . The amount o f  k id n ey  
s u b s ta n c e  u sed  i n  th e  i n j e c t i o n s  was in  a l l  c a s e s  s m a ll  a t  
f i r s t  and  was g r a d u a l ly  in c r e a s e d .  To b e g in  w i th ,  th e  d o se  
v a r ie d  from  Ijt to  2 grammes o f  k id n e y  su b s ta n c e  e m u ls i f i e d .
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T h is  was in c r e a s e d  so  H ia t a n im a ls  g e t t i n g  t h e i r  e i ^ i t h  
i n j e c t i o n  w ould r e c e iv e  8 -10  grammes. The k id n e y  o f  a medium 
s i z e d ,  fu l l - g ro w n  g u in e a  p ig  w eighs a p p ro x im a te ly  2 grammes. 
The i n j e c t i o n s  w ere  r e p e a te d  a s  a r u l e  e v e ry  te n  d a y s .
Of th e  above 7 r a b b i t s ,  1 r e c e iv e d  f o u r  i n j e c t i o n s ,  3 
r e c e iv e d  e i ^ t  i n j e c t i o n s ,  (one  o f  th e s e  t h r e e  re c e iv e d  e n u l-  
s io n  o f  g u in e a  p i g  k id n e y , h e a te d  f o r  one h o u r  to  56®C), th e  
re m a in d e r  o n ly  r e c e iv e d  one i n j e c t i o n .
The im m ediate symptoms a f t e r  an i n j e c t i o n  o f  th e  emul­
s io n  w ere  th o se  o f  c o l l a p s e ,  t e n p e r a tu r e  s in k in g  to  9 6 ° , 
r e s p i r a t i o n  b e in g  a c c e l e r a t e d ,  e a r s  c o ld ,  a p p e t i t e  c o n p le te ly  
l o s t  and u r in a r y  s e c r e t io n  g r e a t l y  d im in is h e d . T h is  c o n d i t io n  
o f  c o l l a p s e ,  how ever, was re c o v e re d  from  in  12-20  h o u rs  and i t  
was rem arked  t h a t ,  a f t e r  a s e r i e s  o f i n j e c t i o n s ,  a l th o u g h  th e  
amount i n j e c t e d  was g r e a t ly  in c r e a s e d ,  th e  d u ra t io n  o f  th e s e  
symptoms was much le s s e n e d  and th e  an im al began to  fe e d  some­
tim e s  i n  3 o r  4 h o u rs . L oss o f f l e s h  a t  f i r s t  was th e  r u l e  
b u t ,  l a t e r  on , i n  th e  c o u rs e  o f im m u n iza tio n , th e  a n im a ls  
u s u a l ly  p u t  on f l e s h ,  fe d  w e l l  and ap p ea red  h e a l th y .  I f  th e  
an im al w ere  p re g n a n t when th e  i n j e c t i o n s  w ere commenced, 
a b o r t io n  s h o r t l y  a f t e r  th e  f i r s t  i n j e c t i o n  ap p ea red  to  be  
i n v a r i a b l e  and o ccu red  in  t h r e e  o f  th e  a n im a ls  o f  ny s e r i e s .  
The an im al how ever m ight become p re g n a n t d u r in g  th e  c o u rs e  o f  
im m u n iza tio n  and in  t h i s  ev en t p reg n an cy  m ig h t n o t  be i n t e r ­
ru p te d  by  s e v e r a l  l a r g e  i n j e c t i o n s ,  th u s one o f  my an im als
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h a d  a  l i t t e r  o f  s i x  h e a l th y  young abou t a week a f t e r  th e  8 th .  
i n j e c t i o n  c o n s i s t i n g  o f  10 grammes o f  k id n e y  s u b s ta n c e . None 
o f  th e  above a n im a ls  succum bed a f t e r  th e  i n j e c t i o n s  and i n  
o n ly  one was t h e r e  any e v id e n c e  of b a c t e r i a l  i n f e c t i o n  o f  th e  
p e r i to n e u m . T h is  an im al a f t e r  th e  f i r s t  i n j e c t i o n  ap p ea red  
v e ry  i l l .  A c a p i l l a r y  p i p e t t e  was p a sse d  i n t o  i t s  p e r i t o n e a l  
c a v i ty  and th e  f l u i d  w ithd raw n  c o n ta in e d  l a r g e  num bers o f a 
b a c i l l u s  m o rp h o lo g ic a l ly  i d e n t i c a l  w ith  th e  b a c i l l u s  c o l i  
com m unis. T h is  an im al w a sted  to  an ex trem e d e g re e  b u t  l a t e r  
began  to  p u t  on f l e s h .  I t  was n o t t r e a t e d  f u r t h e r .
W ith one o r  two q u e s t io n a b le  e x c e p t io n s ,  o n ly  in  th e  
c a s e  o f  th e  an im al i n j e c t e d  w ith  g u in e a  p ig  k id n e y  em u ls io n , 
h e a te d  f o r  one h o u r  a t  5-6 C was a s l i ^ t  t r a n s i e n t  a lbum in­
u r i a  d is c o v e r e d .  No tu b e  c a s t s  w ere e v e r d is c o v e re d .
I n  t h e  f a c e  o f  such  r e s u l t s  th e  v e ry  to x ic  e f f e c t s  o f  
th e  i n j e c t i o n  of k id n e y  em ulsion  as d e s c r ib e d  by s e v e r a l  
a u th o r s  m en tio n ed  above a r e  d i f f i c u l t  to e x p la in  e x c e p t a s  a 
r e s u l t  o f  b a c t e r i a l  i n f e c t i o n ,
(B) Two s i m i l a r  s e r i e s  o f  e x p e rim e n ts  w ere made w ith  
th e  o b je c t  o f  i n v e s t i g a t i n g  the  c h a r a c t e r  o f  the  p e r i t o n e a l  
e x u d a te  o f  th e  r a b b i t  a f t e r  tlie i n j e c t i o n  o f  g u in e a  p ig  k id n e y  
e m u ls io n . I n  each c a s e  two r a b b i t s  w ere u se d , one w hich  had  
a l r e a d y  r e c e iv e d  f i v e  i n j e c t i o n s  o f an a v e rag e  d o se  of abou t 
S gram m es, and th e  o th e r  was a f r e s h  a n im a l, A d o se  o f ab o u t 
l i  grammes was th en  i n j e c t e d  in to  e ach  an im al and a t  i n t e r v a l s
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o f  5 , 1 0 ,  20 and 40 h o u rs  c a p i l l a r y  p i p e t t e s  w ere in tro d u c e d  
i n t o  th e  p e r i t o n e a l  c a v i ty  and some o f  th e  f l u i d  w ith d raw n .
No d i f f i c u l t y  was e x p e r ie n c e d  i n  in t r o d u c in g  th e  p i p e t t e s  i f ,  
a f t e r  th e  t in y  p ie c e  o f s k in  was sn ip p e d  o f f ,  c a r e  was ta k e n  
to  rem ove a l s o  the  t o u ^  f a s c i a  ly in g  o v e r  th e  m u sc le . The 
f l u i d  w ith d raw n  was exam ined in  f i lm .  D rie d  f i lm s  w ere f ix e d  
and s t a i n e d  w itli J e n n e r 's  s t a i n  -which p ro v ed  v e ry  c o n v e n ie n t 
and g e n e r a l l y  s a t i s f a c t o i y .  Very c l e a r  p i c t u r e s  w ere  p ro c u re d  
b y  f i x i n g  d ry  f i lm s  in  fo rm o l-a lc o h o l  and s t a in i n g  w ith  
haem alum  and © osin o r E h r l i c h 's  h a  emo t  ox y l in - e o s i  n . The 
p e r i t o n e a l  ex u d a te  o f  th e  immune r a b b i t  exam ined 5 h o u rs  a f t e r  
i n j e c t i o n  c o n ta in e d  a number o f  re d  b lo o d  c o rp u s c le s  b u t th e  
p o ly n u c le a r  l e u c o c y te s ,  th e  g r a n u le s  o f  w hich  w ere d e ep ly  
s t a i n e d  w ere i n  g r e a t  p re p o n d e ra n c e . A few  e n d o th e l ia l  c e l l s  
w ere  p r e s e n t  and th e s e  v a r i e d  c o n s id e ra b ly  i n  s i z e .  The 
g r e a t e r  num ber w ere  s m a ll ,  th e  n u c le u s  ta k in g  up n e a r ly  a l l  
th e  c e l l  s p a c e .  I n  th e  l a r g e r  ones sm a ll round  v a c u o le s  w ere 
a r ra n g e d  a ro u n d  the  n u c le u s .  In  none o f  th e  p o ly n u c le a r s  
w ere t h e r e  any d e f i n i t e  a p p e a ra n c e s  o f  p h a g o c y to s is  o f  th e  
k id n e y  d e b r i s ,  and in  no c a s e  was th e r e  th e  s l i g h t e s t  e v id e n ce  
o f  th e  ta k in g  up o f  th e  r e n a l  n u c le i  e i t h e r  by  the  p o ly n u c le a r s  
o r  th e  e n d o th e l ia l  c e l l s .  No rem ain s o f  the  k id n e y  t i s s u e  
c o u ld  b e  d i s t in g u i s h e d .
The p e r i t o n e a l  ex u d a te  o f th e  f r e s h  r a b b i t  was p a l e r ,  
m ore f l u i d  and m ore abundan t th a n  in  the c a se  o f  the immune
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a n im a l. P r a c t i c a l l y  sp e a k in g  th e  o n ly  c e l l s  to  b e  seen  in  th e  
f i lm s  w ere  p o ly n u c le a r  l e u c o c y te s  w hich o c c u r re d  in  g r e a t  
n u m b ers . They w ere  sm a ll i n  s i z e ,  th e  n u c le u s  s t a in in g  
d a rk ly  and o ccu p y in g  t h e g r e a t e r  p a r t  o f  t h e  c e l l ;  th e  g r a n u le s  
w ere  c lo s e l y  pack ed  and s t a in e d  d e e p ly . A few  r e n a l  n u c le i  
and  g r a n u la r  d e b r i s ,  p re su m ab ly  d e b r i s  o f  r e n a l  t i s s u e  w ere 
v i s i b l e .  At t h i s  s t a g e  an e n d o th e l i a l  c e l l  was v e ry  r a r e l y  
s e e n .
A f t e r  10 h o u rs  i n  th e  e x u d a te  o f  th e  f r e s h  r a b b i t  o n ly  
an o c c a s io n a l  e n d o th e l i a l  c e l l  was to  b e  s e e n . The p o ly ­
n u c l e a r s ,  how ever, ap p ea re d  l a r g e r .  An o c c a s io n a l  r e n a l  
n u c le u s  was to  be s e e n .
I n  th e  f l u i d  from  th e  immune r a b b i t  th e  e n d o th e l i a l  
c e l l s  w ere  much m ore num erous and l a r g e r  and showed numerous 
v a c u o le s  o f  v a ry in g  s i z e .  The p o ly n u c le a r s  w ere  l a r g e ,  open 
i n  t e x t u r e  as i t  w e re , and in  some c a s e s  showed c l e a r  a re a s  
d e v o id  o f g ra n u le s  p ro b a b ly  e v id e n c e  o f  d e g e n e ra t io n .
A f t e r  20 h o u rs  th e  f l u i d  from  th e  f r e s h  r a b b i t  showed 
l a r g e  num bers o f  p o ly n u c le a r s  and e n d o th e l ia l  c e l l s .  The 
fo rm e r  v a r i e d  v e ry  c o n s id e ra b ly  in  s i z e ,  th e  s m a l le s t  b e in g  
th o s e  w ith  th e  s m a ll ,  c i r c u l a r ,  s e p a r a te  d a rk ly  s t a in e d  n u c le i .  
T hese c i r c u l a r  n u c le i  v a r ie d  much i n  s i z e  in  th e  sam e, and in  
num ber i n  d i f f e r e n t  c e l l s .  They m ight num ber from  1 -8 ; few  
o f  t h ^  c e l l s  had  o n ly  o n e , many had  two o r m ore n u c l e i .  The 
n e u t r o p h i l  g r a n u le s  in  a l l  th e s e  c e l l s  s t a in e d  w e l l .  The
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t y p i c a l  p o ly n u c le a r s  v a rie d , c o n s id e r a b ly  i n  s i z e  and i n  th e  
l a r g e s t  th e  n u c le u s  s t a in e d  c o m p a ra tiv e ly  f a i n t l y .  The endo­
t h e l i a l  c e l l s  o r  m acrophags showed g r e a t  a c t i v i t y  and c o u ld  
b e  se en  a c t i v e l y  e n g lo b in g  th e  p o ly n u c le a r s  w h i l s t  in  t h e i r  
i n t e r i o r  w ere num erous v a c u o le s ,  many o f  v h ic h  c o n ta in e d  
p o ly n u c le a r s  o r  t h e i r  re m a in s . In  th e  i n t e r i o r  o f th e  m acro­
p h a g s  th e  p o ly n u c le a r s  ap p ea red  to  l o s e  t h e i r  n u c le i  v e ry  
s o o n , n e u t r o p h i l  g r a n u le s  rem a in in g  lo n g  a f t e r  t r a c e  o f  th e  
n u c le u s  hadd i s  a p p e a re d . Uo a p p e a ra n c e s  w ere v i s i b l e  s i m i l a r  
t o  what was se en  on i n j e c t i o n  o f  o n u ls io n  o f  r a b b i t  k id n e y  
i n t o  a f r e s h  g u in e a  p i g .  H ere  th e  c i r c u l a r  s e p a r a te  n u c le i  
o f  th e  d e g e n e ra te  p o ly n u c le a r s  when en g lo b ed  by th e  m acrophags 
p e r s i s t e d  as m ore o r l e s s  sy m m e tr ic a lly  a rra n g e d  d o ts  lo n g  
a f t e r  a l l  t r a c e  o f  th e  n e u t r o p h i l  g r a n u le s  had  d is a p p e a re d .
The p e r i t o n e a l  e x u d a te  o f  th e  immune r a b b i t  a s  compared w ith  
t h a t  o f th e  f r e s h  r a b b i t  a t  t h i s  s t a g e  was s c a n ty ,  t h i c k  and 
g e la t i n o u s  and was w ith  d i f f i c u l t y  su ck ed  in to  th e  c a p i l l a r y  
p i p e t t e .  What s t r u c k  one on exam in ing  f i lm s  o f  t h i s  f l u i d  
was th e  c o m p a ra tiv e  s c a r c i t y  o f  p o ly n u c le a r s .  T hose p r e s e n t  
a p p e a re d  to  b e  c o n s id e r a b ly  d e g e n e ra te d  and in  many o f  them 
t h e r e  w ere c o m p a ra tiv e ly  few  n e u t r o p h i l  g r a n u le s ,  a n i th e s e  
w ere  o f te n  a g g re g a te d  a t  one s id e  o f  th e  c e l l .  Prom some o f 
th e  c e l l s  th e  n e u t r o p h i l  g ra n u le s  seen ed  to  h a v e  p r a c t i c a l l y  
d is a p p e a re d ,  th e  p ro to p la sm  b e in g  p a r t i c u l a r l y  c l e a r  and 
g la n c in g .  V ery few  p o ly n u c le a r s  w ere se en  w i th  th e  c i r c u l a r
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s e p a r a t e  n u c le i  d e s c r ib e d  ab o v e . The m acrophags w ere a c t i v e l y  
e n g lo b in g  th e  p o ly n u c le a r s .
A d i f f e r e n t i a l  c o u n t showed th a t  i n  th e  f i lm s  from  th e  
f r e s h  r a b b i t  a t  t h i s  s ta g e  8 4 .2 ^  o f  th e  c e l l s  w ere  p o ly n u c le a r s  
o f  th e s e  b e lo n g in g  to  the  g roup  w ith  th e  s m a l l ,  ro u n d , 
c i r c u l a r  n u c le i  w here as in  th e  c a s e  o f  th e  immune anim al th e  
p o ly n u c le a r s  w e re  o n ly  5 1 .6 ^  o f  th e  t o t a l  c e l l s .  The rem ain ­
d e r  o f  t h e  c e l l s  w ere m arcophags , e x c e p t a few  c e l l s  w ith  
b a s o p h i l  g r a n u le s .
A f te r  40 h o u rs  th e  e x u d a te  from  th e  f r e s h  r a b b i t  was 
much m ore v is c o u s  and s c a n ty  th en  b e f o r e .  On exam in ing  i t  i n  
f i lm  a num ber o f  p o ly n u c le a r s  w ere s t i l l  to  be  seen  and th e  
m acrophags s t i l l  showed c o n s id e ra b le  a c t i v i t y .
The f l u i d  from  tlie  imiiune an im al was e x tre m e ly  s c a n ty ,
t h i c k  and g e la t in o u s  and i t  was w i th  d i f f i c u l t y  th a t  th e
s m a l l e s t  q u a n t i ty  was s e c u re d . The m acrophags w ere v i r t u a l l y
th e  o n ly  c e l l s  p r e s e n t ,  and showed num erous v a c u o le s ,  b u t i n
o n ly  a  v e ry  few  o f  th e s e  w ere rem ains o f  n e u t r o p h i l  g r a n u le s  
s  een .
The p ro c e s s  in  th e  im sune an im al d i f f e r s  o n ly  s l i g h t l y  
from  t h a t  i n  th e  f r e s h  a n im a l ex cep t in  i t s  r a p i d i t y .  In  
n e i t h e r  c a s e  a t  any tim e  was th e r e  any p h a g o c y to s is  o f  th e  
r e n a l  c e l l s  o r  n u c le i  b u t  the  speedy  d is a p p e a ra n c e  o f  th e s e  
from  th e  e x u d a te  s u g g e s ts  th e  a c t io n  o f  a fe rm e n t p ro b a b ly  
l e u c o c y t i c  irr. o r i g in ,  and th e  su b se q u e n t a b s o rp t io n  o f  the
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p r o d u c ts  e i t h e r  by  th e  com bined a c t io n  o f  th e  l e u c o c y te s ,  
m acrophags and ly m p h a t ic s ,  o r  d i r e c t l y  by  th e  ly m p h a t ic s .
Some e x p e rim e n ts  had  b een  p r e v io u s ly  u n d e r ta k e n  to  o b se rv e  
th e  a c t i o n  i n  the  p e r i t o n e a l  e x u d a te  when r a b b i t s *  re d  c o r ­
p u s c l e s  w ere i n j e c t e d  i n t o  f r e s h  g u in e a  p ig s  and g u in e a  p ig s*  
im m unised to  r a b b i t s *  red  b lo o d  c o rp u s c le s  by  p r e v io u s  i n j e c ­
t i o n s .  I t  was se e n  t h a t  th e  p o ly n u c le a r s  g r e e d i ly  dev o u red  
th e  red  b lo o d  c o rp u s c le s  and w ere i n  tu r n  e a te n  up by th e  
m ac ro p h ag s , the p ro c e s s  i n  th e  c a s e  o f  th e  immune a n im a l d i f f e r ­
in g  o n ly  from  th a t  in  th e  f r e s h  a n im a l i n  i t s  g r e a t e r  r a p i d i t y .  
When th e  re d  c o rp u s c le s  w ere  i n j e c t e d  a lo n g  w ith  th e  serum  o f  
an immune g u in e a  p ig  i n t o  a f r e s h  g u in e a  p ig  th e  re d  c o rp u s c le s  
c o m p le te ly  d is a p p e a re d  in  some c a s e s  l y s i s  e v id e n t ly  h av in g  
o c c u r re d .
The i n j e c t i o n  in to  a f r e s h  r a b b i t  o f  g u in e a  p ig  k id n ey  
e m u ls io n  a lo n g  w ith  the  serum  o f  an immune r a b b i t  gave r i s e  
to  a p p e a ra n c e s  d i f f e r i n g  l i t t l e  fro m  th o se  o b se rv e d  in  th e  
c a s e  o f  an immune r a b b i t .
(C) S e c t io n s  o f  t i s s u e s  w ere a s  a r u l e  f i x e d  in  p e r -  
c h lo r id e  o f  m ercu ry , embedded in  p a r a f f i n  and s t a in e d  w ith  
haem alum  and e o s in e  o f haemalum and Van G ieson*s s t a i n .  S ec­
t io n s  o f  k id n e y s  w ere  a ls o  f ix e d  in  fo rm o l-a lc o h o l  o r  fo rm o l-  
M u lle r .  To d e m o n s tra te  th e  n e u t r o p h i l  g ra n u le s  i n  th e  p o ly ­
n u c le a r s ,  E h r l ic h * s  t r i a c i d  s t a i n ,  d i l u t e d  w ith  f o u r  tim es 
i t s  own volum e of w a te r  a s  recommended by  M u ir, was em ployed.
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48 h o u rs  a f t e r  i n j e c t i o n  (h ig h  pow er) show ing 
n o d u le  o f  k id n ey  t i s s u e ,  th e  n u c l e i  o f  the  e p i th e l iu m  o f  
th e  tu b u le s  o f w hich  a re  much f a d e d . L a rg e  e n d o th e l i a l  
c e l l s  a r e  se e n  in  th e  m id s t  o f th e  t i s s u e  and th e  c o v e r­
in g  l a y e r  o f  en d o th e liu m  i s  se e n  in  p ro c e s s  o f  fo rm a t io n .
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On o p en in g  th e  abdomen o f  a r a b b i t  k i l l e d  6 h o u rs  a f t e r  
an  i n j e c t i o n  o f g u in e a  p ig  k id n q y  em u ls io n  a c o n s id e r a b le  
q u a n t i t y  o f  f r e e  f l u i d  was found  w h ich  was o f  an o p a le s c e n t  
r e d d is h  t i n t .  A d e p o s i t  o f  the c o a r s e r  fra g m e n ts  o f  th e  emul­
s io n  was se e n  on th e  omentum, m e se n te ry  and on th e  s u r f a c e  o f  
th e  g u t ,  e s p e c i a l l y  th e  caecum . S e c t io n s  o f  th e  omentum on 
b e in g  exam ined m ic r o s c o p ic a l ly  showed l a r g e  num bers o f  m ore o r 
l e s s  d i s t o r t e d  r e n a l  c e l l s  d e p o s i te d  on t h i s  s t r u c t u r e ;  th e  
n u c l e i  w ere  d a rk ly  s t a in e d  b u t  t h e i r  edges w ere  n o t  c l e a r l y  
d e f in e d .  The omentum was v e ry  hy p eraem ic  and l a r g e  c o l l e c t io n s  
o f  l e u c o c y te s ,  many of them n o n - g r a n u la r , c o u ld  b e  seen  in  th e  
v i c i n i t y  o f  b lo o d  v e s s e l s .  T hese  le u c o c y te s  a p p e a re d  to  f o r c e  
t h e i r  way be tw een  th e  e n d o th e l ia l  c e l l s  and in  p la c e s  seoned  
t o  c a u se  an e x f o l i a t i o n  o f th e s e .
When th e  abdomen o f a r a b b i t  k i l l e d  48 h o u r s  a f t e r  the  
i n j e c t i o n  was opened l i t t l e  o r  no f r e e  f l u ] d  was v i s i b l e .  The 
c o a r s e r  g r a in s  o f  the  em ulsion  w ere seen  s c a t t e r e d  o v e r the  
omentum, and th e s e  c o u ld  b e  d is p la c e d  on l i g h t l y  to u ch in g  them  
w ith  th e  f i n g e r .  The s u r f a c e  o f  th e  c o i l s  o f  i n t e s t i n e  was 
rem ark ab ly  c l e a r  o f d ^ o s i t .  On c l o s e r  e x a m in a tio n  th e r e  w ere 
e v id e n t  betw een  th e  c o i l s  o f  i n t e s t i n e ,  lo n g , t h i c k ,  o p a le s c e n t  
g e la t in o u s  tl 'ire ad s  # i i c h ,  on b e in g  r a i s e d  by th e  f o r c e p s ,  d i s ­
p la y e d  b ra n c h in g s  in  every  d i r e c t i o n  betw een  th e  c o i l s ,  and 
w ere a p p a r e n t ly  in  c o n n e c tio n  w ith  th e  m e s e n te ry . On ex am in a- 
t i o n  o f  s e c t io n s  o f  omentum and o f  th e s e  w h i t is h  th r e a d s  v e ry
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s i m i l a r  a p p e a ra n c e s  w ere  e v id e n t .  The c o a r s e r  g r a in s  o f  th e  
k id n e y  em u ls io n  had  s e t t l e d  down on tlie  e n d o th e liu m  and when 
one o f  th e s e  l i t t l e  n o d u le s  was se e n  i n  s e c t i o n  rem ains o f  
tu b u le s  and g lo m e ru li  w ere o f t e n  p l a i n l y  v i s i b l e .  The e p i th e ­
liu m  o f  th e  tu b u le s  was n e c ro s e d  and even a t  t h i s  e a r ly  s t a g e  
th e  n u c le i  s t i l l  p r e s e r v in g  t h e i r  c i r c u l a r  sh ap e  w ere se e n  a s  
th e  m e re s t shadows and a t  many p la c e s  w ere  i n v i s i b l e .  The 
n u c le i  o f th e  c e l l s  o f  th e  i n t e r s t i t i a l  t i s s u e  seemed to  be 
b e t t e r  p r e s e rv e d  b u t i n  s e v e r a l  p la c e s  th e s e  to o  had d is a p p e a ­
r e d .  The e n d o th e l i a l  c e l l s  o f  th e  g lo m e ru li  seemed to  be  the 
m ost r é s i s t e n t .  Around th e  p e r ip h e ry  o f  o n e  o f  th e se  l i t t l e  
n o d u le s  a l a y e r  o f  e n d o th e l i a l  c e l l s  was to  b e  s e e n , one or 
more c e l l s  in  th ic k n e s s  and e v id e n t ly  i n  p ro c e s s  o f  fo rm in g  a 
s o r t  o f  c a p s u le .  The mode o f  fo rm a tio n  o f  th is  l a y e r  seem ed 
to  be p a r t l y  by  d e p o s i t io n  and p a r t l y  by  p r o l i f e r a t i o n ,  a l th o u g h  
e v id e n c e s  o f  ü ie  l a t t e r  w ere  n o t  s t r i k i n g .
B e s id e s  g r a in s  o f th e  above d e s c r i p t i o n  o th e r s  w ere seen  
o f a  much m ore homogeneous c o m p o s itio n  w hich  d id  n o t  show any 
s u g g e s t io n  o f  s t r u c t u r e  su c h  as tu b u le s  o r  g lo m e ru li  and w ere 
m ere ly  m asses o f  homgeneous n e c ro se d  t i s s u e  w ith o u t any n u c le a r  
s t a i n i n g .  T hese had  u s u a l ly  a c o n s id e r a b le  number o f  endo­
t h e l i a l  c e l l s  s c a t t e r e d  ab o u t i n  t h e i r  i n t e r i o r ,  an d , s u r ro u n ­
ded  by  t h e i r  c o v e r in g  o f  e n d o th e l i a l  c e l l s ,  w ere o f te n  found  
superim posed  on g r a in s  o f  th e  fo rm e r d e s c r i p t i o n .  T hese w ere  
p resu m ab ly  form ed from  th e  l i g h t e r  e lem en ts o f  th e  e m u ls io n .
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Round th e  b lo o d  v e s s e l s  in  th e  v i c i n i t y  o f  th e s e  l i t t l e  n o d u le s  
t h e r e  w ere l a r g e  c o l l e c t i o n s  o f  l e u c o c y te s ,  b o th  g r a n u la r  and 
n o n - g r a n u la r . The n e c ro se d  t i s s u e  o f b o th  form s o f  n o d u le s  was 
s t a in e d  a l i g h t  p u rp le  by  E h r l ic h * s  t r i a c i d  m ix tu re .  No g ia n t  
c e l l s  w ere se e n  a t  t h i s  s t a g e .
Wxien th e  abdonen o f a r a b b i t  w hich h a s  re c e iv e d  a s e r i e s  
o f  i n j e c t i o n s  o f  g u in e a  p i g  k id n e y  was opened abou t 10 d ays 
a f t e r  th e  l a s t  i n j e c t i o n  no f r e e  f l u i d  was found  to b e  p r e s e n t .  
In  the  c a s e  o f  a r a b b i t  w hich  had  r e c e iv e d  f o u r  i n j e c t i o n s  o f  
an a v e ra g e  o f ab o u t S grammes each  o f k id n e y  su b s ta n c e  sm a ll 
g ra n u le s  e v id e n t ly  of k id n e y  s u b s ta n c e  w ere  seen  a t  i n t e r v a l s  
on th e  omentum and were i n t im a te ly  a d h e re n t  qs th ey  w ere n o t  
d is p la c e d  when touched  by th e  f i n g e r .  The o n ly  o th e r  abnorm al 
ap p ea ra n c e  was th a t  p r e s e n te d  by f o u r  t a g s  o f  t i s s u e  i r r e g u l a r  
and n o d u la te d  in  o u t l i n e  w hich hung i n to  the  abdom inal c a v i ty  
from  th e  a n t e r i o r  abdom inal w a l l  and p ro b a b ly  m arked th e  s i t e s  
o f  p u n c tu re  when the i n j e c t i o n s  w ere g iv e n . They m easured  frcm  
f - l  in c h  i n  le n g th  o r a  l i t t l e  m ore. A n o d u le  ab o u t th e  s i z e  
o f  a sm a ll  b e an  w hich had  b een  n o t ic e d  d u r in g  l i f e  in  th e  
su b c u ta n e o u s  t i s s u e  was found  a t  th e  a u tp p s y  to  c o rre sp o n d  in  
p o s i t i o n  to  one o f  th e s e  t a g s .  D uring  l i f e  and even when ex­
am ined a t  th e  au to p sy  on a c c o u n t o f  i t s  s o f t  c o n s is te n c e  and 
y e llo w  c a s e a t in g  ap p ea ra n c e  i t  was c o n s id e re d  to  be some s o r t  
o f  c a s e a t in g  fo c u s  b u t ,  when i n v e s t i g a t e d  m ic r o s c o p ic a l ly ,  i t  
was a t  once  e v id e n t  t h a t  i t  was due to th e  p re s e n c e  o f  some 
k id n ey  s u b s ta n c e ,  v h ic h  had  escaped  from  th e  sy rin g e  i n t o  th e
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su b c u ta n e o u s  t i s s u e ,  and a l s o  to ü ie  t i s s u e  r e a c t io n  w h ich  i t  
had  c a u s e d . The d e s c r ip t io n  o f  th e  m ic ro s c o p ic  a p p e a ra n c e s  
w i l l  be  g iv e n  u n d e r th e  n e x t  head ing*
On exam in ing  th e  p e r ito n e u m  o f  one o f  th e  r a b b i t s  w hich  
h ad  e ig h t  i n j e c t i o n s  ( t h e  d o se  g r a d u a l ly  in c r e a s e d  up to  8 -10  
grammes of k id n e y  s u b s ta n c e  a t  each  i n j e c t i o n )  th e  a p p e a ra n c e s  
w ere much m ore s t r i k i n g .  The in n e r  a s p e c t  o f  th e  abdom inal 
w a ll  was c o v e re d  a t  p la c e s  u n ifo rm ly  o v e r  c o n s id e r a b le  a r e a s ,  
a t  o th e r  p l a c e s  in  p a tc h e s  w ith  shaggy g r e y i s h  g r a n u la t io n s .  
T hese fo rm ed , w here p r e s e n t ,  a  th ic k  and v e lv e ty  c o a t in g  and 
showed i n  many p la c e s  lo n g  p e d u n c u la te d  ta g s  u s u a l ly  n o d u la te d  
i n  t h e i r  c o u rs e  and b e in g  a lm o s t in v a r i a b ly  so a t  t h e i r  f r e e  
e x t r e m i t i e s .  They m easu red  up to  one in c h  or m ore i n  l e n g th  
and in  some in s ta n c e s  w ith  a lo n g  th in  p e d ic l e  th e  sm a ll  
n o d u la r  e x tr e m ity  was e x tre m e ly  c o n g e s te d  a s  i f  th e  p ro c e s s  
o f  a b s o rp t io n  had  p ro ceed ed  to o  q u ic k ly  a t  th e  b a s e  and had 
l e d  to  c o n s t r i c t i o n  o f  th e  v e s s e l s .  The v e lv e ty  g r a n u la t io n s  
e x i s t e d  s c a t t e r e d  o v e r th e  caecum  and i t s  m e s e n te ry , on the 
a n t e r i o r  s u r f a c e  o f  th e  stom ach w here th ey  m ig h t form  a t h i n ,  
u n ifo rm  c o a t in g  and even on th e  d iap h rag m , s u r f a c e s  o f the  
l i v e r  and s p le e n  and on th e  b ro ad  l ig a m e n ts .  I n  one c a s e  v e ry  
e x te n s iv e  a d h e s io n s  l a d  o c c u rre d  betw een  th e  abdom inal w a ll  
and  th e  caecum by means o f a m u l t i tu d e  o f  th e  p r o j e c t i o n s  
above  d e s c r ib e d ;  th e  a d h e s io n s  w ere v e ry  s o f t  and n o t a t  a l l  
f i b r o u s  and w ere v ezy  e a s i l y  b ro k en  th ro u g h . The omentum 
showed no f i b r o u s  c h an g e , f o r ,  a l th o u g h  i t  had  num erous t i n y
g#Va
S e c t io n  o f Omentum o f  R a b b it .
A f t e r  a s e r i e s  o f i n j e c t i o n s  (low  pov/er) 
show ing  n o d u le  su rro u n d e d  by  zone o f  le u c o c y te s .
G ia n t  and e p i t h e l i o i d  c e l l s  and rem a in s  o f  tu b u le s  and 
a g lo m e ru le  a re  a ls o  s e e n .
Ta
S e c t io n  o f  Omentum o f R a b b i t .
A f te r  a s e r i e s  o f  4 i n j e c t i o n s  (low  pow er) 
show ing a l a r g e  g i a n t  c e l l  w i th  many n u c le i  i n  th e  
c e n t r e  o f a sm a ll  n o d u le  i n  w hich  th e  p ro c e s s  o f  
a b s o r p t io n  i s  a lm o s t c o m p le te .
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n o d u le s  i n  i t s  s u b s ta n c e  and s tu d d e d  a t  i n t e r v a l s  o v e r  i t ,  on 
l i f t i n g  i t  up i t  a p p e a re d  as t h in  and d iap h a n o u s  a s  u s u a l  b e ­
tw een th e  l i t t l e  g r a n u le s .  M ic ro sc o p ic  ex am in a tio n  o f an 
omentum a s  above d e s c r ib e d  showed th e  n o d u la r  e n la rg e m e n ts . 
T hese w ere  c irc u m s c r ib e d  by f i n e  open f ib r o u s  t i s s u e  w ith  the  
f i b r e s  a r ra n g e d  c o n c e n t r i c a l l y  and h a v in g  l a r g e ,  c l e a r ,  o v a l 
sh ap ed  n u c l e i .  T his c o v e r in g  was e v id e n t ly  form ed from  t h e  
e n d o th e l i a l  c e l l s  and in  i t  w ere num erous e v id e n t ly  newly 
fo rm ed  b lo o d  v e s s e l s  w ith  t h in  w a l l s .  In  th e  c e n t r e  o f  the 
n o d u le s  in  many c a s e s  were se en  undoub ted  rem ains o f  k id n ey  
t i s s u e ,  b o th  tu b u le s  and g lo m e ru li .  The tu b u le s  a s  a r u l e  
w ere  e x tre m e ly  shadowy in  o u t l i n e  and th e  n u c le i  i f  se en  a t  
a l l  w ere e x tre m e ly  f a i n t .  In  a  few  e x c e p tio n a l  c a s e s  th e  
n u c l e i  w ere  much sh ru n k en  and d i s t o r t e d  and s ta in e d  d a rk ly  and 
i n  su c h  in s t a n c e s  th e  e p i t h e l i a l  c e l l s  o f  th e  tu b u le  seemed to  
s e p a r a te  from  one a n o th e r  and s ta n d  o u t i n d iv i d u a l l y .  Round 
t h i s  n e c r o t i c  t i s s u e  and p e n e t r a t i n g  i n t o  i t  from  a l l  s id e s  
w ere num bers o f  l a r g e ,  e lo n g a te d  e p i t h e l i o i d  c e l l s  a rra n g e d  
m ore o r l e s s  r a d i a l l y  in  a f a n - l i k e  m anner. T hese  c e l l s  had  
l a r g e  o v a l n e a r ly  c i r c u l a r  c l e a r l y  s t a in in g  n u c le i  w ith  s m a l l  
c h ro m a tin  d o t s  and t h e i r  p ro to p la sm  was f a i n t l y  g r a n u la r .  As 
th e  p ro c e s s  p ro ce ed e d  g ia n t  c e l l s  were form ed in  a l l  p r o b a b i l i ­
t y  from  f u s io n  o f  e p i t h e l i o i d  c e l l s  b e c a u se  th e  n u c le i  w ere 
i d e n t i c a l  and no ev id en ce  o f  p r o l i f e r a t i o n  was se e n . The 
g i a n t  c e l l s  m igh t be seen  e i t l i e r  ly in g  c lo s e  to the  f ib r o u s
%S e c tio n  o f  Omentum o f R a b b it .
A f te r  a s e r i e s  o f  8 i n j e c t i o n s  (h ig h  pow er) 
show ing g ia n t  c e l l  in  p ro c e s s  o f  b re a k in g  u p .
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c a p s u le  w ith  lo n g  p ro c e s s e s  e x te n d in g  to w ard s  th e  c e n t r e  o f  
th e  n o d u le  b e tw een  the  e p i t h e l i o i d  c e l l s  o r e l s e  d i r e c t l y  in  
c o n ta c t  w ith  th e  r e n a l  t i s s u e  and e v id e n t ly  a c t i v e l y  engaged 
i n  i t s  a b s o r p t io n .  T here  m igh t be  s e v e r a l  g i a n t  c e l l s  in  one 
n o d u le  and tiie  num ber o f  n u c le i  m i ^ t  be  v e ry  g r e a t  and as a 
r u l e  w ere a r ra n g e d  e i t h e r  in  a  clump o r  s e v e r a l  clum ps o r  q u i te  
r e g u l a r l y .  Though many s e c t io n s  w ere exam ined in  no c a s e  w ere  
any d e f i n i t e  rem a in s  o f  r e n a l  c e l l s  se e n  e i t h e r  i n  th e  e p i ­
t h e l i o i d  o r th e  g ia n t  c e l l s .  I t  ap p ea red  to  be  th e  c a s e ,  how­
e v e r ,  t l i a t  th e  m ore h i ^ y  im m unised th e  an im al was to  th e  
k id n e y  su b s ta n c e  the more num erous and a c t iv e  w ere the g ia n t  
c e l l s .  O u ts id e  th e  zone o f  e p i t h e l i o i d  c e l l s  was a l a y e r  o f 
u n d i f f e r e n t i a t e d  le u c o c y te s  and among them e s p e c i a l l y  w here 
a c t i v e  a b s o r p t io n  was g o in g  on w ere num erous p o ly n u c le a r  
le u c o c y te s  w hich  ap p ea red  to  h ave  m ig ra te d  from  the  new ly 
fo rm ed  b lo o d  v e s s e l s  a l r e a d y  a l lu d e d  to .  The p ro c e s s  o f  ab ­
s o r p t i o n  c o m p le te d , the  e p i t h e l i o i d  c e l l s  e v id e n t ly  fu se d  w ith  
th e  g i a n t  c e l l s  w hich  th u s  a t t a i n e d  an enormous s i z e  w ith  a s  
many as a  h u n d red  n u c le i  o r  m o re , and la y  i n  th e  c e n t r e  o f the  
n o d u le  w hich h ad  a p p a re n tly  c o n tr a c te d  down s im u lta n e o u s ly  w ith  
th e  a b s o rp t io n  o f th e  k id n e y  su b s tan ce*  The g ia n t  c e l l s  now 
a t ta c k e d  th e  c e l l s  o f  the n o d u le  and s e v e r a l  o f th e  u n d i f f e r e n ­
t i a t e d  l e u c o c y te s  c o u ld  b e  se e n  i n  t h e i r  i n t e r i o r .  The le u c o ­
c y te s  w ith  th e  n e u tr o p h i l  g ra n u le s  d is a p p e a re d  and th e  g i a n t  
c e l l s  d im in ish e d  g r e a t ly  in  s i z e .  Some o f  th e  n u c le i  o f th e  
g ia n t  c e l l s  became much l a r g e r  and c l e a r e r  e v id e n t ly  a
m 4 % .
S e c t io n  o f P e r i t o n e a l  Tag from  R a b b it .
(Low pow er) show ing f i n e  lo o s e  f i b r o u s  
t i s s u e ,  s i n g l e  c o v e r in g  l a y e r  o f en d o th e liu m  and 
a n o d u le  w itli  g i a n t  c e l l s .  K idney  t i s s u e  i s  se e n  
b e in g  a b so rb ed  i n  th e  c e n t r e  o f th e  n o d u le .
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d e g e n e r a t iv e  p r o c e s s ,  w h i l s t  from  th e  p e r ip h e r y  o f  some o f 
th e  g i a n t  c e l l s  p o r t io n s  w ith  n u c le i  a p p e a re d  to  b re a k  o f f  
and t h e r e a f t e r  seemed to  r a p id ly  d i s a p p e a r .  A l l  t h a t  rem ained 
o f  th e  n o d u le  was no?/ a sm a ll  g ia n t  c e l l ,  o f te n  w ith  i t s  few 
n u c l e i  a r ra n g e d  c i r c u m f e r e n t i a l ly  so t h a t  iit g r e a t l y  resem b led  
a g ia n t  c e l l  o f  a m i l i a i y  t u b e r c l e ,  and su rro u n d e d  by a sm a ll 
amount o f  f i n e  f ib r o u s  t i s s u e ,  in  w hich th e  new form ed v e s s e l s  
r a p id ly  d is a p p e a re d .  The g ia n t  c e l l  th en  ap p ea red  to  b re a k  
up  in to  e le m e n ts  w ith  a  s in g le  n u c le u s  w hich seemed to  d is a p ­
p e a r  q u ic k ly  w h i l s t  th e  c e l l s  o f  th e  f i n e l y  f ib r o u s  t i s s u e  
a p p ea re d  to  m e lt away w ith o u t le a v in g  any t r a c e  o f  t h e i r  ex­
i s t e n c e ,  The a b s o rp t io n  o f  th e s e  n o d u le s  was t h e r e f o r e  a b s o l­
u t e l y  c o m p le te  and th u s  i t  was t h a t  t h e  omentum p re s e rv e d  i t s  
w onted t e n u i t y .
On exam in ing  a  s e c t io n  o f  one o f  th e  p e r i t o n e a l  ta g s  
p r e v io u s ly  r e f e r r e d  to  i t  was seen  to  be  a b ra n c h in g  s t r u c t u r e  
c o v e re d  w ith  a s in g l e  l a y e r  o f  e n d o th e liu m  and con^osed  o f  f i n e  
lo o s e  f ib r o u s  t i s s u e  i n  w hich w ere num erous t h in  w a lle d  v e s ­
s e l s .  The s t r u c t u r e  o f  th e  n o d u le s  i n  t h e i r  i n t e r i o r  w hich 
a lw ays c o n ta in e d  rem ains o f  r e n a l  t i s s u e  and th e  mode o f 
t h e i r  a b s o rp t io n  w ere p r a c t i c a l l y  i d e n t i c a l  w ith  th o s e  in  th e  
om entum . G ian t c e l l s ,  e p i t h e l i o id  c e l l s  and le u c o c y te s  were 
p r e s e n t  and v/ere s i m i l a r l y  a r ra n g e d . In  some o f  th e s e  appen­
d ag es  th e  a b s o rp t io n  o f  th e  t i s s u e  a t  th e  p e d ic le  and th e  
o b l i t e r a t i o n  o f  th e  v e s s e l s ,  o c u rre d  so r a p id ly  t h a t  m arked
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c o n g e s t io n  and e x t r a v a s a t io n  o f  b lo o d  from  t h e  t h i n  w a lle d  
v e s s e l s  a p p e a re d  a t  th e  t i p .
(D) U nder t h i s  h e a d in g  we s h a l l  f i r s t  o f  a l l  t a k e  up 
th e  c o n s id e r a t io n  o f  th e  changes w hich th e  B lood o f  th e  r a b b i t  
u n d e rg o e s  a f t e r  th e  i n j e c t i o n s  o f th e  k id n e y  em u ls io n . F o r  
th e  e n u m e ra tio n  o f th e  c o rp u s c le s  th e  T h erm a-Z e iss  h aem ^cy to - 
m e te r  was em ployed in  th e  u s u a l  f a s l i io n . D r ie d  f i lm s  w ere 
f ix e d  and s t a in e d  w ith  J e n n e r ' s s t a i n  o r  a f t e r  f i x in g  w ith  
fo rm o l a lc o h o l  w ere  s ta in e d  e i t h e r  w i th  haemalum and e o s in e  o r  
E h r l ic h * s  h a e m a to x y lin  and e o s in e .
A f te r  a s i n g l e  i n j e c t i o n  o f  th e  em ulsion  th e  t o t a l  number 
o f  le u c o c y te s  p e r  c u b ic  m i l l im e t r e  was found to  undergo  l i t t l e  
change b u t  th e  p r o p o r t io n  o f  th e  polym orphs was found to  i n ­
c r e a s e  s l i g h t l y  a t  th e  expense  o f  th e  ly m p h o c y te s . A f te r  a few 
days how ever th e  norm al r e l a t i o n  o f  th e  lym phocy tes to  th e  
po lym orphs was r e - e s t a b l i s h e d .  A f te r  a s e r i e s  o f  in je c t i o n s  
had  b een  g iv e n  a d i s t i n c t  h y p o - le u c o c y to s is  was n o t ic e a b le  
a f t e r  a f u r t h e r  i n j e c t i o n ,  th e  p ro p o r t io n  o f  th e  p o ly n u c le a r s ,  
h o w e v e r, b e in g  s l i ^ t l y  in c r e a s e d  r e l a t i v e l y  to  th e  lym phocytes 
I n  a  c o u p le  o f  d a y s ,  how ever, t h e r e  was a d i s t i n c t  le u c o c y to s is  
th e  lym phocy tes b e in g  much m ore m arked ly  in c r e a s e d  th an  th e  
p o ly n u c le a r s  and th.is c o n d i t io n  rea ch e d  i t s  h e i ^ i t  in  ab o u t a 
week when th e  le u c o c y te s  m igh t num ber over 20 ,000  p e r  cub ic  
m i l l im e t r e  and t h e  p r o p o r t io n  o f  lym phocytes to  polym orphs b e  
o v e r  th r e e  to  o n e . A f te r  t h i s  th e r e  was a g ra d u a l  d e c l in e  to
S e c t io n  o f  th e  S p le e n  o f  th e  R a b b it .
A f t e r  a  s e r i e s  o f 4 i n j e c t i o n s  (h ig h  pow er) 
show ing germ  c e n t r e  i n  M a lp ig h ian  c o rp u s c le .
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th e  n o rm a l.
When th e  b lo o d  o f  an  an im al w hich  had  r e c e iv e d  a s e r i e s  
o f  i n j e c t i o n s  o f  g u in e a  p ig  k id n e y  em ulsion  was exam ined i n  
f i l m ,  one was s t r u c k  a t  once by  th e  raarked p o ly c h ro m a to p h il ia  
w h ich  th e  re d  c o rp u s c le s  e x h ib i t e d .  T here  was a ls o  f a i r l y  
w e l l  m arked p o i k i l o c y t o s i s .  An o c c a s io n a l  n o rm o b la s t was to  
b e  s e e n  w h i l s t  num bers o f  the  p o ly n u c le a r s  a p p ea re d  to  be  very- 
p o o r  i n  g r a n u le s ,  some p a r t s  o f  th e  p ro to p la sm  o f  th e s e  c e l l s  
b e in g  a p p a re n t ly  qui-te f r e e  o f  theiji.
The re d  c o rp u s c le s  w ere  fo u n d  to  be red u ced  in  number 
b u t  n e v e r  m arked ly  s o ,  the lo w e s t re c o rd  b e in g  3 ,2 5 0 ,0 0 0  p e r  
c u b ic  mm. In  th e  c a s e  o f  the  r a b b i t  t r e a t e d  w ith  th e  h e a te d  
em u ls io n  b e s id e s  th e  p o ly c h ro m a to p h i l i à  t h e r e  was a ls o  v i s i b l e  
i n  many o f th e  re d  c o rp u s c le s  a m arked p y k n o tic  change o r b a so ­
p h i l  d e g e n e ra t io n ,  th e  p a r t i c l e s  s t a in e d  by th e  b a s ic  dye 
v a r y in g  from  th e  v e ry  f i n e s t  a n d s c a rc e ly  d i s c e r n i b l e  up to  
l a r g e  c o a r s e  o n e s . T h is  d e g e n e ra t io n  was m ost m arked in  th e  
d i s c o lo u r e d  c o rp u s c le s  b u t  th e  v e ry  f i n e  g ra n u le s  were o f te n  
se en  i n  red  c o rp u s c le s  o f q u i te  th e  norm al t i n t .
S P L E E N . Wlien th e  r a b b i t  was k i l l e d  a s h o r t  tim e 
a f t e r  a s i n g l e  i n j e c t i o n  th e  p u lp  o f  th e  s p le e n  was found on 
s e c t i o n  to  c o n ta in  a  l a r g e  q u a n t i ty  o f  b lo o d  and th e  p h ag o cy tes  
in  th e  p u lp  were se en  to  c o n ta in  l a r g e  m asses o f  b lo o d  p igm ent 
w hich  appeared  to  b e  more o r  l e s s  c r y s t a l l i n e .
^ e n  th e  r a b b i t  was k i l l e d  abou t te n  d a y s  a f t e r  th e  l a s t
S e c tio n  o f  S p le e n  o f  R a b b i t .
A f t e r  a s e r i e s  o f  8 i n j e c t i o n s  (h ig h  pow er) 
show ing edge o f M a lp h ig ia n  c o r p u s c le ,  and d e p le te d  
p u lp  in  th e  i n t e r s t i c e s  o f  v h ic h  a re  num erous re d  
b lo o d  c o r p u s c le s .
S e c t io n  o f  K idney o f  R a b b it .
A f te r  a s e r i e s  o f  8 i n j e c t i o n s  ( h i ^ i  pow er) 
show ing no m arked abnorm al ch an g e . The s w e l l in g  and 
g r a n u l a r i t y  o f  th e  e p i th l iu m  o f  th e  c o n v o lu te d  
tu b u le s  i s  n o t  w e ll  shown h e r e .
37 .
o f  a s e r i e s  o f  i n j e c t i o n s  th e  s p le e n  was fo u n d  to  he  i n v a r i ­
a b ly  re d u c e d  i n  s i z e  and sh ru n k e n  and t h e r e  was l i t t l e  e v id en ce  
o f  p h a g o c y to s is  i n  th e  s in u s e s  o f  th e  p u lp .  T here was a c t i v e  
p r o l i f e r a t i o n  o f  th e  germ  c e n t r e s  w hich  q u i ^ t  come to  occupy 
a  l a r g e  p a r t  o f  th e  i n t e r i o r  o f th e  M a lp ig h ia n  c o rp u s c le s  
w h i l s t  th e  d i f f e r  en t a  t i o n  b e tw een  th e  o u te r  b o rd e r  o f  th e s e  
b o d ie s  and th e  s p le n ic  p u lp  was to  a g r e a t  e x te n t  l o s t .  Granu­
l a r  c e l l s  w ere  n o t  num erous. The p u lp  a p p e a re d  a t  f i r s t  to  be  
u n d u ly  c e l l u l a r  b u t  l a t e r  on i t  v/as u s u a l ly  v e ry  d e p le te d ,  th e  
ly m p h o cy tes  a p p e a rin g  to  b e  g r e a t l y  d im in is h e d  in  num ber.
LIVER -  l i t t l e  change  was d i s t in g u i s h e d .
KIDNEY -  N o th in g  m arked ly  abnorm al c o u ld  b e  d i s t i n ­
g u ish e d  on com parison  w i th  s e c t io n s  o f  a norm al o rg a n . The 
e p i th e l iu m  o f  th e  c o n v o lu te d  tu b u le s ,  how ever, ap p ea re d  to  be 
u n d u ly  g r a n u la r  and s w o lle n , a c o n d i t io n  w hich a ls o  a f f e c te d  
th e  e p i th e l iu m  o f  th e  lo o p s  o f  H en le  b u t  to  a l e s s  d e g re e .
No change i n  th e  g lo m e ru li  o r  i n t e r s t i t i a l  t i s s u e  a f t e r  a s e r ­
i e s  o f  i n j e c t i o n s  was e v id e n t  and th e re  was no tendency  to  th e  
s e p a r a t io n  o f  th e  e p i th e l iu m  i n  th e  form  o f  c a s t s .  T h is  
a g re e s  i n  m ost p a r t i c u l a r s  w ith  the  a p p e a ra n c e s  d e s c r ib e d  by 
Ramond and H u l o f .
S u b cu tan eo u s n o d u le s , cau sed  by le a v in g  p a r t i c l e s  o f  
k id n ey  b e n e a th  th e  s k in  and by  th e  t i s s u e  r e a c t io n  w hich th e
Degenerescences exper. du fo ie  et des reins d 'o r ig in ie  cy to -  
ty stiq u e . C . r .  Soc: de  B i o l : , 1901.
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k id n e y  s u b s ta n c e  g iv e s  r i s e  t o ,  w ere n o t ic e d  d u r in g  l i f e  i n  
t h r e e  r a b b i t s .  As many as  t h r e e  n o d u le s  w ere p r e s e n t  in  th e  
su b c u ta n e o u s  t i s s u e  o f  th e  abdomen a t  one t im e . They were 
g r a d u a l ly  a b so rb ed  and d is a p p e a re d  c o m p le te ly  in  t h r e e  o r  fo u r  
w e ek s . Thqjr w ere  only  exam ined h i s t o l o g i c a l l y  i n  one  c a s e .
On m ic ro s c o p ic  e x a m in a tio n  th e  n o d u le  was se en  to  be  
e n c a p su le d  by  f i n e  lo o s e  f i b r o u s  t i s s u e ,  th e  f i b r e s  o f  w hich  
w e re  c o n c e n t r i c a l l y  a rranged*  I n  th e  c e n t r e  w ere obv io u s 
re m a in s  o f  k id n e y  t i s s u e  i n  th e  form  o f  g lo m e ru li  and t u b u le s .  
The k id n e y  t i s s u e  seemed to  b e  b e t t e r  p r e s e rv e d  th an  when m et 
w i th  i n  th e  omentum o r  in  th e  p e r i t o n e a l  t a g s .  The n u c le i  o f  
th e  g lo m e ru li  w ere  w e ll  m arked and d e ^ l y  and u n ifo rm ly  
s t a in e d .  The e p i t h e l i a l  c e l l s  o f  th e  c o n v o lu te d  tu b u le s  were 
s e p a ra te d  from  th e  b a se n e n t membrane and from  each  o th e r  and 
i n  th e  n u c le i  in  p la c e s  th e  no rm al a rran g em en t o f  the  c h ro m a tin  
c o u ld  b e  d i s t in g u i s h e d .  The t i s s u e  betw een  th e  tu b u le s  showed 
l a r g e  num bers o f  d i s t o r t e d  d a rk ly  s t a in i n g  n u c le i  as i f  th e r e  
h a d  been  some p r o l i f e r a t i o n  in  th e  i n t e r s t i t i a l  t i s s u e .  O th e r­
w ise  th e  a rran g em en t o f  th e  g i a n t  c e l l s ,  vàiich  m igh t re a c h  a 
g r e a t  s i z e ,  e p i t h e l i o i d  c e l l s  and le u c o c y te s  a g re ed  p r e c i s e l y  
w ith  w hat was s e e n  i n  th e  omentum.
39 .
I I .  (A) Syinptoms f o l lo w in g  i n j e c t i o n  o f  th e  n ep h ro ­
to x ic  serum  o f th e  r a b b i t  i n t o  g u in e a  p ig s .
V/hen th e  g u in e a  p ig  v/as p u t  back  i n to  th e  cage  a f t e r  i n ­
j e c t i o n  w ith  n e p h ro to x ic  serum  i t  w ould s i t  h u d d le d  up and 
showed d e c id e d  i n d i s p o s i t i o n  to  m ove, tlie  h a i r ,  e s p e c i a l l y  
t h a t  a b o u t th e  n e c k , was i n c l in e d  to  s ta n d  on end and r e s p i r a ­
t i o n  was in c r e a s e d  i n  f re q u e n c y . I n  th e  c a se s  w here d e a th  
to o k  p la c e  c o m p a ra tiv e ly  r a p id ly  th e  symptoms g r a d u a l ly  i n ­
c r e a s e d  in  s e v e r i t y  and tw i tc h in g s  o f th e  h in d  l e g s ,  m ore or 
l e s s  rh y th m ic a l ,  s e t  i n  w ith  i n c r e a s in g  w eakness t i l l  th e  end. 
I n  th e  c a s e s  in  w hich  d e a th  d id  n o t ta k e  p la c e  f o r  a lo n g e r  
p e r i o d ,  a  tem p o rary  a b a tem en t o f th e  symptoms m i ^ t  ta k e  p la c e  
and th e  a n im a l m ight ru n  ab o u t and even  fe e d  a l i t t l e ,  in  th e  
i n t e r m i s s i o n .
The u r in a r y  s e c r e t io n  i n  th e  f a t a l  c a s e s  was alw ays ex­
tre m e ly  s c a n ty  and i t  m i^ i t  be  added a s  a c o r o l l a r y  to  th e  
above th a t  w henever an a n im a l, a f t e r  i n j e c t i o n ,  was n o te d  to  
p a s s  any c o n s id e r a b le  q u a n t i ty  o f  u r in e ,  how ever g ra v e  the 
symptoms m ig h t b e ,  the p r o b a b i l i t y  was s t r o n g  t h a t  re c o v e ry  
w ould ta k e  p l a c e .
In  th e  c a s e s  w hich  d e v e lo p ed  p e r i t o n i t i s ,  d ia r rh o e a  was 
n o t  uncommon.
The appended  t a b l e  w i l l  show a t  a g la n c e  th e  r e s u l t s  ob­
ta in e d  on i n j e c t i n g  n e p h ro to x ic  serum  in to  g u in e a  p ig s .  U n le ss  
where o th e rw is e  s t a t e d  th e  Complement had  b een  removed from  th e  
serum  by h e a t .
The fo l lo w in g  sym bols a r e  e n ç lo y e d :-  C -  C oiiplem ent.
M.H.D. -  Minimum h a e m o ly tic  d o se .
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B e s id e s  th e  a n im a ls  enum erated  i n  th e  above t a b l e ,  one 
g u in e a  p ig  was i n j e c t e d  w ith  n e p h ro to x ic  serum  d e r iv e d  from  a 
r a b b i t  w hich  had  had  4 i n j e c t i o n s .  The minimum h a e m o ly tic  
d o se  o f  th e  serum  was 0 .4  c c ,  and b e f o r e  i t  was i n j e c t e d  i t  
was t r e a t e d  w ith  e x c e ss  o f  g u in e a  p ig  k id n e y  em u ls io n  a t  
l a b o r a to r y  t e n ^ e r a tu r e  f o r  o v e r one h o u r .  C o lla p s e  symptoms 
a f t e r  th e  i n j e c t i o n  o f  5 cc o f  th e  serum  w ere v e ry  t r a n s i t o r y  
and i t  was n o te d  t h a t  th e r e  was v e ry  s l i ^ i t  l o s s  o f  w eigh t 
a l t h o u ^  no f i g u r e s  w ere re c o rd e d . Two g u in e a  p ig s  w ere i n ­
j e c t e d  each  w ith  5 cc o f  norm al r a b b i t  serum  and in  each  a 
w e l l  m arked a lb u m in u r ia  was s e t  u p .
From c o n s id e r a t io n  o f  the  t a b l e  i t  w i l l  b e  seen  t h a t , 
d e s p i t e  th e  f a c t  t h a t  s e v e r a l  o f th e  an im als  r e c o v e re d , a 
s t r o n g  c a s e  i s  made o u t f o r  th e  t o x i c i t y  o f  th e  n ^ h r o t o x i c  
se rum . A n o te w o rth y  f e a t u r e  i s  t h a t  even in  th e  c a s e s  v h ic h  
re c o v e re d  a m arked l o s s  o f  w e ig h t r e s u l t e d ,  and a lth o u g h  t h i s  
was a l s o  o b se rv ed  a f t e r  i n j e c t i o n  o f  norm al r a b b i t  serum  i t  
was c o m p a ra tiv e ly  t r i f l i n g .
P e r i t o n i t i s  i s  d i f f i c u l t  to  a v o id .
P e a rc e  ( l o c .  c i t . )  i n  h i s  s e r i e s  o f 9 g u in e a  p ig s  in ­
j e c te d  w ith  n ^ h r o t o x i c  serum  d e r iv e d  from  th e  r a b b i t  had  4 
c a s e s  o f  p e r i t o n i t i s .
A lb u m in u ria , e x c e p t in  t h e  c a s e  o f  g u in e a  p ig  N o.8 ,
■where i t  was e x tre m e ly  s l i g h t  and t r a n s i e n t ,  was n e v e r  d i s -
41.
c o v e re d  “When th e  h a  em oly t i c  f a c t o r  o f  th e  serum  h ad  p r e v io u s ­
l y  b e en  removed by t r e a tm e n t  w ith  g u in e a  p ig  re d  c o rp u s c le s  
a t  0®C. f o r  a t  l e a s t  one h o u r .  And in  a l l  c a s e s  e x c e p t g u in e a  
p i g  N o .17 ; th e  album en was a m ere  t r a c e .  No. 17 was a ls o  th e  
o n ly  g u in e a  p ig  i n  w h ich  b lo o d  p ig m en t was p r e s e n t  i n  the  
u r i n e .  The e x p la n a t io n  o f  the above f a c t s  i s  s im p le  f o r ,  a c ­
c o rd in g  to  Cqpoutan*, w here h aem og lob in  i s  l i b e r a t e d  i n  sm a ll 
q u a n t i t y  i n  th e  b lo o d , a lb u m in u r ia  and n o t  h a e m o g lo b in u ria  
a p p e a r s ,  the  l i m i t  how ever i s  soon  re a c h e d  and th e n  b lo o d  
p ig m e n t i s  d i s c o v e r a b le  i n  th e  u r i n e .
The m ethod o f  e s t im a t in g  th e  ha emoly t i c  pow er o f th e  
serum  w i l l  be d is c u s s e d  l a t e r .  I t  i s  e v id e n t  how ever t h a t  th e  
n ^ h r o t o x i c  serum  becom es s t r o n g ly  h a e m o ly tic  and su ch  a  d o se  
a s  g u in e a  p i g  N o ,17 r e c e iv e d  m ig h t r e a s o n a b ly  b e  e x p ec te d  to  
p ro d u c e  w e l l  m arked r e s u l t s .
The powar o f th e  n e p h ro to x ic  serum  d id  n o t  seem  to  b e  
in c r e a s e d  o r  d im in is h e d  by th e  p r e s e n c e  o r  a b sen ce  o f  r a b b i t  
com plem ent o r  com plen ien to id .
(B) I n  th e  c a s e  o f  g u in e a  p ig s  k i l l e d  by  n e p h ro to x ic  
serum  from  w hich  th e  h a e m o ly tic  f a c t o r  had  n o t been  rem oved, 
i t  was n o t ic e d  t h a t  on o p en ing  th e  abdomen th e  v e s s e l s  in  th e  
abdom inal w a l ls  and c o u rs in g  o v e r th e  v i s c e r a  w ere u n d u ly  d i s ­
t i n c t ,  e x c e e d in g ly  m in u te  r a m i f ic a t i o n s  b e in g  c l e a r l y  se e n .
. Allbutt*s System of Med: vol. v. art. haemoglobinuria.
T À
S e c t io n  o f  C o rtax  o f  K idney  o f^ g u in e a  P ig ,  g o . l .
( H i ^  pow er) show ing g r a n u l a r i t y  and s w e l l in g  
and v a c u o l i s a t i o n  o f  th e  e p i th e l iu m  o f  c o n v o lu te d  
tu b u le .
42.
I n  su c h  a c a s e  a l s o  t h e r e  would h e  p r e s e n t  a m ore o r  l e s s  
b lo o d  s t a in e d  f l u i d  i n  th e  p e rito n e u m  and a  num ber o f  s u b s e r -  
ous haem o rrh ag es w ith  h aem orrhages i n to  th e  l^ n ^ h o id  f o l l i c l e s  
o f  th e  caecum . The c o n g e s t io n  o f  th e  v i s c e r a ,  m o reo v e r, was 
a lw ays s p e c i a l l y  m arked .
%hen th e  h a e m o ly tic  f a c t o r  had  b een  removed b e f o r e  in ­
j e c t i o n ,  th e  f l u i d  i n  th e  p e rito n e u m  was c o lo u r l e s s  -  v e ry  
p a le  s t r a w  -  th e  b lo o d  v e s s e l s  w ere n o t so  d i s t i n c t l y  m arked 
o u t and th e r e  were no s u b p e r i to n e a l  h aem o rrh ag es . The p e r i t o n e ­
a l  f l u i d  when exam ined m ic ro s c o p ic a l ly  was se en  to  c o n ta in  in  
th e  fo rm e r  c a s e  num erous c re n a te d  and d i s t o r t e d  re d  b lo o d  
c o rp u s c le s  b u t ,  i n  o th e r  i n s t a n c e s ,  th e s e  were p r a c t i c a l l y  
a b s e n t .  Numerous e n d o th e l i a l  c e l l s  and polym orphs w ere a ls o  
s e e n ,  and in  th e  fo rm e r num erous c e l l s  o f  th e  l a t t e r  v a r i e t y  
u n d e rg o in g  d i g e s t i o n .  The c o lo u r l e s s  p e r i t o n e a l  ex u d a te  
n o te d  above was found  to  c o n ta in  a sm a ll  number o f  p o ly n u c le a r s  
and «ndothéliaX cells*
K I D N E Y S .  Y/hen exam ined a s  soon as th e  an im al 
was d ead  a f t e r  th e  i n j e c t i o n ,  th e s e  o rg a n s  were se en  to  be  
i n t e n s e l y  c o n g e s te d . As a r u l e  th ey  w ere o f  a d i s t i n c t  choco­
l a t e  c o lo u r  w ith  a v a r i a b l e  amount o f y e llo w  m o t t l in g .  The 
c a p s u le  was alw ays r e a d i ly  s t r ip p e d  o f f  w ith o u t le a v in g  any 
g r a n u l a r i t y .  The k id n e y  on s e c t io n  h a d  a s im i l a r  c o n g es te d  
a p p e a ra n c e . On m ic ro sc o p ic  e x am in a tio n  i t  was found  th a t  th e  
e p i th e l iu m  o f  th e  c o n v o lu te d  tu b u le s  was ex tre m e ly  g r a n u la r  
and s w o lle n  and when th e  lumen was n o t  c o n p le te ly  f i l l e d  up
S e c t io n  o f  M edu lla  o f  K idney o f  G uinea P ig ,  N o .l ,
(Low pow er) show ing s e p a r a t io n  o f  th e  e p i th e l iu m  
o f  th e  s t r a i ^ t  tu b u le s  i n to  c a s t s .
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w ith  th e  sw o lle n  ^ i t h e l i u m  a l a r g e  q u a n t i ty  o f  lo o s e  g r a n u la r  
m a t e r i a l  was v i s i b l e  w hich  seemed to  b e  d e r iv e d  from  th e  p ro to ­
p lasm  o f th e  e p i t h e l i a l  c e l l s  w hich  seem ed to have  l o s t  a l l  
c l e a r n e s s  o f  d e f i n i t i o n  i n t e r n a l l y .  As a r e s u l t  o f  th e  l o s s  
o f  g r a n u l a r  m a t e r i a l ,  tiie  n u c le i  o f  th e  c e l l s  a p p e a re d  a t  
t im e s  to  be s i t u a t e d  i n  th e  c e n t r e  o f a c l e a r  sp a c e  w ith  p e r ­
h a p s  o n ly  a  sm a ll  amount o f  g r a n u la r  p ro to p la s m  i n  th e  v i c i n i t y  
o f  th e  basem ent m em brane. T h is change was a ls o  s e e n  b u t  to  a 
l e s s  e x te n t  i n  th e  lo o p s  o f  H e n le . In  many o f  th e  e p i t h e l i a l  
c e l l s  b u t  more e s p e c i a l l y  th o se  o f  th e  c o n v o lu te d  tu b u le s  t l ie re  
seem ed to  be d is a p p e a ra n c e  o f many o f  th e  n u c l e i .  The changes 
n o te d  above a re  common a f t e r  i n j e c t i o n  o f  b o th  k in d s  o f  serum  
b u t  i t  was rem arked th a t  o n ly  when th e  serum  s t i l l  p o s s e s s e d  
i t s  h a e m o ly tic  power was th e r e  any d e c id e d  and w id e sp rea d  
te n d e n c y  to  th e  fo rm a tio n  o f  e p i t h e l i a l  tu b e  c a s t s  in  th e  
s t r a i g h t  tu b u le s .  T hese e p i t h e l i a l  c a s t s  w ere n e v e r  se<%i in  
th e  u r i n e .  G reat c o n g e s t io n  o f  th e  v e s s e l s ,  m ore e s p e c i a l l y  
o f  th o s e  ru n n in g  be tw een  th e  s t r a i ^ t  t u b u le s , was c o n s ta n t .
No d e f i n i t e  changes w ere  e v e r  o b se rv e d , e i t h e r  in  th e  g lo m e ru li 
o r  th e  i n t e r s t i t i a l  t i s s u e .  When s e c t io n s  w ere t r e a t e d  w ith  
osm ic a c i d ,  n o t  a t r a c e  o f f a t t y  r e a c t i o n  was a p p a re n t  in  th e  
c o n v o lu te d  tu b u le s  and o n ly  a few  i s o l a t e d  g ra n u le s  w ere  v i s i ­
b le  e ls e w h e re , p a r t i c u l a r l y  in  th e  lo o p s  o f  H e n le .
On com paring  th e  a p p e a ra n c e s  n o te d  above w ith  # i a t  was 
v i s i b l e  on e x a m in a tio n  o f  s e c t io n s  o f  norm al k id n e y  i t  was 
found th a t  a d e g re e  o f g r a n u l a r i t y  o f  tiie  e p i th e l iu m  o f  th e
%S e c t io n  o f  M ed u lla  o f  K i d n ^  o f  G uinea  P i g ,  H o .3 .
( H i ^  pow er) show ing a b sen c e  o f  th e  te n d e n c y  
to  th e  fo rm a tio n  o f tu b e  c a s t s .  The la r g e n e s s  and th e  
un d u e  c le a r n e s s  o f  some o f  th e  n u c le i  a r e  n o te w o rth y .
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c o n v o lu te d  tu b u le s  was p r e s e n t  n o m a l l y  w ith  s l i g h t  v a c u o l i s a ­
t i o n  o f  th e  p ro to p la s m  in  p l a c e s  b u t  th e s e  n e v e r  rea c h e d  th e  
e x tre m e  c o n d i t io n  n o te d  above .
S P L E E N. Seemed to  be p r e t t y  c o n s t a n t ly  and d e e p ly  
c o n g e s te d . The p u lp  was f i l l e d  w ith  re d  b lo o d  c o rp u s c le s  unde* 
g o in g  ra p id  d e s t r u c t io n  and th e  l a r g e  p h a g o c y te s  o f  th e  p u lp  
w e re  e i t h e r  lo a d e d  w ith  re d  b lo o d  c o rp u s c le s  o r  l a r g e  m asses  o f 
y e llo w , more o r  l e s s  c r y s t a l l i n e ,p i g m e n t .
Proliferation of the germ centres seemed to be active but 
these never reached any considerable size.
— -  F  R. Was n o t ic e d  to  be  i n v a r i a b l y  c o n g e s te d .
B o th  th e  i n t e r -  and i n t r a - l o b u l a r  v e in s  w ere g r e a t l y  d is te n d e d  
and in  some c a s e s  t h i s  d i s t e n s io n  had  b een  so g r e a t  t h a t  ru p ­
t u r e  had  ta k e n  p la c e  and e x t r a v a s a t io n s  o f b lo o d  c o u ld  be  se e n  
c o m p re ss in g  th e  l i v e r  c e l l s .  Even when no r u p tu r e  o f  the  
v e s s e l s  to o k  p l a c e ,  th e  l i v e r  c e l l s  o f te n  a p p ea re d  conç>ressed 
fro m  th e  c o n g e s t io n  o f  the c a p i l l a r i e s .
Many o f  th e  l i v e r  c e l l s  w ere v a c u o la te d  and seemed to  
h a v e  l o s t  much o f  t h e i r  g r a n u la r  p ro to p la sm . T here  was a 
s l i g h t  d e g re e  o f  f a t t y  ch an g e .
(C ) . T h ree  g u in e a  p ig s  w ere in o c u la te d  w i th  a s e r i e s  
o f  s m a ll  i n j e c t i o n s  o f n e p h ro to x ic  se ru a i, e i t h e r  s u b c u ta n e o u s ly  
o r  i n t r a - p e r i t o n e a l l y .  The r e s u l t  i n  a l l  c a s e s  was a m arked 
d im in u tio n  i n  w e ig h t. A l th o u ^  th e  i n j e c t i o n s  w ere sm a ll  and
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o n ly  g iv e n  e v e ry  te n  d a y s , o r  a t  g r e a t e r  i n t e r v a l s ,  th e  an im als 
d id  n o t  seem to  g e t  accustom ed to  th e  t r e a tm e n t .  One o f th e  
t h r e e  d ie d  s h o r t l y  a f t e r  2 i n j e c t i o n s  o f  1 cc  o f  th e  serum , 
th e  o t h e r  two a f t e r  t h r e e  i n j e c t i o n s .  T here  was no e v id en ce  
o f  p e r i t o n i t i s .  T ra c e s  o f  album en w ere o c c a s io n a l ly  found in  
th e  u r i n e s  a f t e r  th e  i n j e c t i o n s  b u t  no perm anen t a lb u m in u ria  
w as in d u c e d . On e x am in a tio n  o f  th e  k id n e y s  and th e  o th e r  
o r g a n s ,  no ch an g es o f  a c h ro n ic  c h a r a c t e r  w ere  s e e n ,  th e  a p p e a r  
a n c e s  v i s i b l e  b e in g  v e ry  l i k e  th o s e  d e s c r ib e d  u n d e r  (B ).
I I I .  U nder t h i s  h e a d in g  we s h a l l  b r i e f l y  d e s c r ib e  th e  
m ethods fo llo w ed  and th e  r e s u l t s  o b ta in e d  in  some ex p e rim e n ts  
c o n d u c te d  " in  v i t r o " .
These e x p e r im e n ts  can  be d iv id e d  i n to  two g ro u p s , v i z : -
(A) E x p e rim e n ts  u n d e rta k e n  to  d e m o n s tra te  th e  a c t io n  o f  th e
n ^ h r o t o x i c  serum  on k id n e y  c e l l s .
(B) E x p e rim e n ts  to  d o n o n s t r a te  (a )  th e  h a e m o ly tic  pow er o f  th e '
n e p h ro to x ic  serum  and (b ) th e  amount o f  Complement taken  
up  by  th e  Immune body when in  c o n ta c t  w ith  k id n e y  c e l l s .
(A) G uinea p ig  k id n e y  em ulsion  was a llo w ed  to  s ta n d  in  
c o n ta c t  w i th  n ^ h r o t o x i c  serum  b o th  in  th e  p re s e n c e  o f  g u in e a  ’ 
p ig  and r a b b i t  Complement. Thin s e c t i o n s  o f  g u in e a  p ig  k id n ey  
w ere a ls o  p la c e d  in  s i m i l a r  m edia and p ie c e s  w ere removed a f t e r  
t r e a tm e n t  f o r  v a ry in g  t im e s ,  f ix e d  i n  p e r c h lo r id e  o f  m erc u ry , 
and embedded in  p a r a f f i n .  A ll  th e s e  t e s t s  w ere  c o n d u c ted  w ith  
c o n t r o l s  i n  v h ic h  norm al r a b b i t s »  serum  was em ployed.
I n  no c a s e  co u ld  i t  be  s a id  t h a t  any d i s t i n c t  a c t io n  o f  
the  serum  on th e  k id n e y  c e l l s  o r  t i s s u e  was e v id e n t .
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(B) The e x p e rim e n ts  d e s c r ib e d  b e lo w  a re  b a se d  l a r g e l y  
on th e  r e s u l t s  o f  r e s e a r c h e s  c a r r i e d  o u t by  M u ir* , l a t t e r l y  in  
a s s o c i a t i o n  w ith  Browning^ on th e  i n t e r a c t i o n s  o f  th e  c o n s t i t u ­
e n ts  o f  th e  h a e m o ly tic  s e r a .  In  t h i s  d e s c r i p t i o n  th e  f o l lo w ­
in g  sym bols u se d  in  the  p a p e r s  j u s t  r e f e r r e d  to  a r e  em ployed, 
l.BL Immune body . R - r e d  b lo o d  c o r p u s c le s .
C, -  Complement.
M.H.D. •  Minimum h a e m o ly tic  d o se .
I D , *  1 h a e m o ly tic  d o s e .
i ,B , r a b b i t  v .  ox s i g n i f i e s  an Immune body d e r iv e d  from
th e  r a b b i t  w hich  a c t s  on th e  c o n s t i t u e n t  o f  some f l u i d  o r
t i s s u e  o f  th e  o x .
F o r  the  i n v e s t i g a t i o n s  th e  fo l lo w in g  a re  r e q u i s i t e : -
(1 )  5 ^  s u s p e n s io n s  of ox and g u in e a  p ig  red  b lo o d  c o rp u s c le s  
in # 8 ^  s a l i n e .
(2 ) 1 0 ^  e m u ls io n s  in  th e  same medium o f  g u in e a  p ig  k id n e y ,
l i v e r ,  b r a i n ,  s p le e n ,  e t c .  ando f r a b b i t  k i d n ^ .
(3 )  H aem o ly tic  I^B, o b ta in e d  from  th e  r a b b i t  by i n j e c t i n g  i t  -
w i th  washed ox re d  b lo o d  c o rp u s c le s .  M.H.D. o f the I .B .  
em ployed was 0.0015* c c .
(4 )  P i p e t t e s  m easu rin g  r e s p e c t iv e ly  t e n th s  and h u n d red th s  o f  a
c u b ic  c e n t im e tr e .
(5 )  C e n t r i f u g e ,  t e s t  tu b e s ,  in c u b a to r  a t  87°C . s a l i n e ,  e t c ,
e t c .
• On th e  a c t io n  o f  h a e m o ly tic  s e r a ,  L a n c e t ,  A u g ., 15 t h . , 1903. 
On Im m unity , B .M .J . , S e p t . ,  1 0 t h . , 1904 .
W ith  B row ning . On th e  com bin ing  p r o p e r t i e s  o f  Serum  com ple­
m ents and com plem en to id s. P ro c .  Roy. S o c . ,  J u n e , 9 t h . , 1904. 
w ith  B row ning . On ch em ic a l c o m b in a tio n  and to x ic  a c t io n  a s  
e x e m p lif ie d  in  h a e m o ly tic  s e r a .  P ro c .  Roy. S oc . D e e r . ,  1 s t . ,  
1904 .
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In  th e  h a e m o ly tic  e x p e rim e n ts  a f t e r  th e  v a r io u s  c o n s t i ­
tu e n t s  h av e  "been added  to  one a n o th e r  i n  th e  t e s t  tu b e s ,  
th e s e  a r e  p la c e d  in  th e  in c u b a to r  a t  87 °C. and sh ak en  ev ery  
te n  m in u te s  o r so  in  o rd e r  to  f a c i l i t a t e  th e  s p e c i a l  a c t io n .
The I .B .  a c t s  m ore e n e r g e t i c a l l y  and r a p id ly  w ith  
g u in e a  p ig  C. th a n  w i th  r a b b i t  C. a s  th e  fo rm er c o n ta in s  m ore 
C. m o le c u le s  and when th e  fo rm er i s  u se d  one h o u r  in  the  
i n c u b a to r  i s  s u f f i c i e n t .  When r a b b i t  C. i s  e n p lo y e d , how ever, 
m ore t im e  m ust be g iv e n .  L y s i s ,  m o reo v e r, i s  q u ic k e r  and 
m ore  d e c id e d  vhen I .B .  and red  b lo o d  c o rp u s c le s  a r e  a llo w ed  
to  i n t e r a c t  some l i t t l e  tim e  b e f o r e  C. i s  added .
When l y s i s  i s  in c o m p le te  in  any tu b e  i t s  amount can  be 
a s c e r t a in e d  by c e n t r i f u g a l i s i n g ,  p i p e t t i n g  o f f  th e  s u p e m a -  
t e n t  f l u i d  from  th e  u n ly se d  c o rp u s c le s  w h ich  have  b e a i  d e ­
p o s i t e d ,  l a k in g  th e s e  w ith  a volum e o f w a te r  eq u a l to  th e  
o r i g i n a l  volum e o f  the  s u s p e n s io n  o f  re d  c o rp u s c le s ,  and 
com paring  th e  t i n t  w ith  t h a t  o b ta in e d  by l a k i n g  th e  d e p o s i te d  
c o rp u s c le s  o f  a  c o rre s p o n d in g  volum e o f  th e  o r i g i n a l  su sp e n ­
s io n .  I n  t h i s  way th e  p e rc e n ta g e  o f l y s i s  c an  b e  a c c u r a te ly  
n o te d .  C om plete l y s i s  may c o n v e n ia i t ly  b e  re g a rd e d  as u n i t y ,  
and th e  v a r io u s  p r o p o r t io n s  can  be d e s c r ib e d  a s  d e c im a ls  o f  
t h i s .
( a )  I n  d e te rm in in g  th e  h a e m o ly tic  pow er o f  th e  serum , 
r a b b i t  C. was a t  f i r s t  employed b u t as a good d e a l  o f  l y s i s  
o c cu red  in  the  c o n t r o l  tu b e s  owing to  th e  p re s e n c e  o f  th e  
n a t u r a l  I^Bu i t s  u se  was abandoned f o r  t h a t  o f  g u in e a  p ig  0 .
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Wtien I .B .  i s  u se d  w i th  g u in e a  p i g  C. in s t e a d  o f  r a b b i t  
C. a g a i n s t  g u in e a  p ig  re d  c o r p u s c le s ,  i t s  d o se  i s  in c re a s e d  
te n  t im e s .
A s e r i e s  o f 4 tu b e s  w ere p u t  up w ith  . 2 ,  . 3 ,  .4  and .6  
c c .  o f  th e  n e p h ro to x ic  serum, r e s p e c t iv e ly  i n  each . 1 c c . o f 
s u s p e n s io n  o f  g u in e a  p ig  re d  c o rp u s c le s  was added to  each  
tu b e  and t h e r e a f t e r  2 d o se s  o f C. C om plete l y s i s  o c c u rre d  in  
t h e  4 th .  tu b e ;  in  th e  1 s t . ,  2 n d . ,  and 3 r d . ,  i t  was in c o m p le te , 
M.H.D. o f  th e  serum  th e r e f o r e  was .6  c c .
The M.H.D. o f  th e  serum  from  a r a b b i t  w hich h ad  had  7 
i n j e c t i o n s  was s i m i l a r l y  found  to  be .2  c c . and from  one v h ic h  
h ad  h a d  8 i n j e c t i o n s  ,15  c c .
From th e s e  d a ta  we can  e s t im a te  p r e c i s e l y  th e  h a e m o ly tic  
pow er o f  the v a r io u s  d o se s  o f the  n e p h ro to x ic  serum  i n je c t e d  
i n to  th e  g u in e a  p ig s .
(b )  The fo l lo w in g  i s  th e  p r i n c i p l e ,  a p p l i c a b le  to  a l l  
th e  s p e c i f i c  cy to  t o x i n s , upon w hich the  fo l lo w in g  ex p e rim e n ts  
w ere p e rfo rm e d .
Two s i m i l a r  s e r i e s  o f  tu b e s  a r e  ta k e n , each  tu b e  o f  
v h ic h  c o n ta in s  a  c e r t a i n  f ix e d  amount o f  k id n e y  em u ls io n  and 
s i m i l a r  in c r e a s in g  d o se s  o f C. To each  o f  the  tu b e s  o f  one 
s e r i e s  th e  same amount of I .B .  i s  ad d ed . The tu b e s  a r e  p la c e d  
i n  th e  in c u b a to r  and w e l l  shaken  a t  i n t e r v a l s  so a s  to a llo w  
c o m b in a tio n  to ta k e  p l a c e  betw een  th e  k id n e y  s u b s ta n c e ,  the  
I .B .  and C. A f te r  a c e r t a i n  t im e , th e  tu b e s  a re  rem oved, and 
th e  f l u i d  c e n t r i f u g a l i s e d  from  th e  s o l i d  p a r t i c l e s  o f  the
49.
e m u ls io n . The f l u i d  from  each tu b e  i s  th e n  added to  th e  c o r ­
re s p o n d in g  tu b e  i n  two s i m i l a r  s e r i e s ,  each  tu b e  o f  w hich 
c o n ta in s  1 c c . 5% s u s p e n s io n  o f  ox r e d  b lo o d  c o rp u s c le s  
s e n s i t i s e d  p r e v io u s ly  w ith  th e  a p p r o p r i a te  d o se  o f  h a e m o ly tic  
I .B .  The second  s e r i e s  o f  tu b e s  a r e  th e n  p la c e d  i n  the  in c u ­
b a to r .  As soon as a f r e e  dose  of C. i s  p r e s e n t  i n  any o f the 
tu b e s ,  l y s i s  o f  the  ox re d  b lo o d  c o rp u s c le s  ta k e s  p l a c e ,  and 
th e  num ber o f  d o se s  o f  C. ta k e n  up in  c o m b in a tio n  w ith  the  
k id n e y  s u b s ta n c e  and th e  n e p h ro to x ic  1. B. i s  a p p a re n t .  The 
c o n t r o l  s e r i e s  i s  n e c e s s a r y  in  c a s e  k id n e y  s u b s ta n c e  by  i t s e l f  
l e a d s  to  th e  ta k in g  up  o f C. This m ig h t b e  g r a p h i c a l l y  r e ­
p r e s e n te d  th u s .  Yi/here K « K id n ^  e m u ls io n , x  h a s  i t s  a lg e ­
b r a i c  s i g n i f i c a n c e ,  d o t te d  l i n e  r e p r e s e n t s  an h o u r 's  i n t e r v a l .
K -k X d o se s  o f  C I .B .
(n ep h ro  to x in )
Add f l u i d  to  
ox R 4- I .B .
K +  X d o ses o f  C.
Add f l u i d  to  
Ox R 4- I .B .
The f i r s t  p ro c e d u re  i n  th e s e  e x p e rim e n ts  was to  a s c e r ­
t a i n  the  M.H.D. o f  th e  C. u s e d .
1 c c . o f  th e  su sp e n s io n  o f  ox re d  b lo o d  c o rp u s c le s  would 
b e  p la c e d  i n  each  o f a s e r i e s  o f  6 tu b e s .  4 D. o f  th e  I .B .  
r a b b i t  v .  ox R. would be added to  each  tu b e , t h a t  i s  ,0 6  c c . 
o f  I .B .  d i l u t e d  te n  tim es f o r  th e  sak e  o f  c o n v e n ie n c e .
ïHSïii
s e n t  S t h i s  n e p h ro to x ic  serum ,
te m p e ra tu re  em ployed, 
th o s e  h e r e i n a f t e r  r e c o rd e d .
50 .
By r e f e r r i n g  to the p a p e r  alluded to "On Chemical com­
b in a tion  and tox ic  action  a s  exem plified  i n  haem olytic sera" , 
we find  the a v e ra g e  dose o f  g u in e a  p ig  C. when u se d  w ith I .B .
V ox a g a i n s t  ox re d  b lo o d  c o rp u s c le s  i s  .025  c c . C o n seq u en tly  
i n to  th e  .6  tu b e s  a s e r i e s  o f d o se s  w ould b e  p u t ,  e .g .
•01 *015 *02 "026 *03 *04 c c .
The I .B .  was a lw ays p u t  in  b e f o r e  th e  C. f o r  re a s o n s  
a l r e a d y  g iv e n .
T ubes would be  th e n  p la c e d  i n  th e  in c u b a to r  and f r e ­
q u e n tly  sh ak en . A t th e  end o f an h o u r  th e  e x a c t  M.H.D. 
w ould b e  e a s i l y  s e e n . M.H.D. o f  r a b b i t  0 . was s i m i l a r l y  
a s c e r t a i n e d .
We s h a l l  now p ro c e e d  to  th e  c o n s id e r a t io n  o f  th e  d i f f e r ­
e n t  i n d iv id u a l  e x p e r im e n ts .
E X P E R I M E N T  I .
M .H.D. o f g u in e a  p ig  0 . -  .0 2  c c .  Two s e r i e s  o f  6
tu b e s  e a c h .
F ro n t  row; E ach tu b e  c o n ta in e d  1 c c . 10^ g u in e a  p ig  
k id n e y  em u lsion  and 0 .1  c c .  I .B .  w ith  th e  fo l lo w in g  d o se s  o f
g u in e a  p ig  C.
•02 '0 4  '0 6  '08  *1 '1 5  c c .
B ack row; E ach tu b e  c o n ta in e d  1 c c .  o f  th e  k id n e y  
em u ls io n  and tlie  fo l lo w in g  d o se s  o f g u in e a  p ig  C.
.02  .0 3  .04  .05 .0 6  .07  c c .
T hese tu b e s  were t r e a t e d  a s  above d e s c r ib e d  and th e
51 .
f l u i d  added to  s e n s i t i s e d  ox re d  b lo o d  c o r p u s c le s .  The r e s u l t  
showed a  re m a rk a b le  d i f f e r e n c e  i n  th e  two s e r i e s .  I n  a l l  th e  
tu b e s  w ith o u t  th e  I .B .  , l y s i s  had  tak en  p la c e  and was c o u p le  te  
e x c e p t  i n  th e  1 s t .  in  w hich  i t  was .8 .
I n  a l l  th e  tu b e s  w ith  I .B .  p r a c t i c a l l y  no l y s i s  had  taken  
p l a c e .  I n  f u r t h e r  e x p e r im e n ts  w i th  g u in e a  p ig  k id n e y , tlie  
c o n t r o l  s e r i e s  was o m it te d  as i t  was e v id e n t  t h a t  k id n q y  by 
i t s e l f  d id  n o t  le a d  to  th e  ta k in g  up o f  C. y
i
E X P E R I M E N T  I I .
A n o th e r  s e r i e s  o f  tu b e s  was th e n  p ro c e e d e d  w i th ,  con­
t a i n i n g  th e  Seme am ounts o f k id n e y  em u lsio n  and I .B ,  b u t  w ith  
th e  fo l lo w in g  d o se s  o f  g u in e a  p ig  C.
.1 5  .2  .25 .3  .35  .4  c c .
P r a c t i c a l l y  no l y s i s  was e v id e n t  i n  t h i s  s e r i e s  e i t h e r .
E X P E R I M E N T  I I I .
A t h i r d  s e r i e s  w ith  same amount o f  k id n e y  em ulsion  w ith
.0 1  c c ,  I .B .  and th e  fo l lo w in g  d o se s  o f  g u in e a  p ig  C.
.0 2  .04 .06  .0 8  .1  .15 c c .
The r e s u l t  showed o n ly  s l i g h t  l y s i s  i n  5 th .  and 6 th .  
t u b e s .
E X P E R I M E N T  I V.
A f o u r t h  s e r i e s  w ith  k id n e y  em u ls io n  and .001  c c .  I .B .  
and th e  same d o se s  o f  g u in e a  p ig  C. a s  i n  th e  l a s t  ex perim en t 
showed l y s i s  in  a l l ,  p r e t t y  m arked i n  the  l a s t  t h r e e  tu b e s
52 .
a lth o u g h  i n  none  was i t  c o m p le te , in  l a s t  ab o u t .8  l y s i s .
E X P E R I M E N T  V.
A f i f t h  s e r i e s  w ith  same d o se s  o f  k idn% r em ulsion  and 
I .B .  and th e  fo l lo w in g  am ounts o f  g u in e a  p ig  C. ( th e  g u in e a  
p ig  C. was found  to  become w eaker M.H.D. -  .0 2 5  c c . )
.1 5  .2  .2 5  «3 .35 *4 c c .
^ R e su lt  showed f i r s t  tu b e  n e a r ly  c o m p le te ly  ly s e d ,  2nd. 
c o a p le t e ly  s o .
E X P E R I M E N T  VI .
A s i x t h  s e r i e s  w ith  k id n e y  em u lsio n  o m itte d  b u t  w ith  
.0 0 1  c c .  I .B .  and th e  fo l lo w in g  d o se s  o f g u in e a  p ig  C.
.02  '0 4  .0 6  .0 8  -1  *15 c c .
L y s is  was how ever found  to  be  p r a c t i c a l l y  co m p le te  in  
t h e  1 s t .  tu b e . T h is  ex p erim en t was u n d e r ta k e n  w ith  th e  id e a  
o f  p ro v in g  th e  a b se n c e  o f  an a n t i - C .  in  th e  n e p h ro - to x ic  
se rum .
What s t r i k e s  one in  lo o k in g  o v e r  th e s e  r e s u l t s  i s  th e  
d i f f e r e n c e  o f  th e  a c t io n  to  v h a t  i s  se en  in  th e  in v e s t i g a t io n s  
o f  th e  h a e m o ly tic  Immune b o d ie s  w hose a c t io n  i s  prom pt and 
d e f i n i t e .  H ere  on the  o th e r  hand  l y s i s  b e g in s  e a r ly  i n  th e  
s e r i e s  b u t  c o m p a ra tiv e ly  enormous d o se s  o f  C. h a v e  to  be  added 
to  c a u se  co m p le te  l y s i s .
When th e  tu b e s  w ere l e f t  o v e r - n ig h t  t h e r e  was alw ays in  
th o s e  tu b e s  i n  w hich  l y s i s  had  b een  in c o m p le te  a  m arked d i f ­
f u s io n  o f  th e  haem og lob in  a t  th e  b o tto m  o f  th e  tu b e  p o in t in g
53.
to  th e  f a c t  t h a t  th e  C. was n o t  s t r o n g ly  com bined.
E X P E R I M E N T  V I I .
E x p e rim e n ts  s i m i l a r  to  th e  p re c e d in g  w ere  now p e rfo rm ed  
w i th  10^ l i v e r  em ulsion  o f  g u in e a  p ig  i n s t e a d  o f  k id n e y .
Two s e r i e s  o f  6 tu b e s  e a c h .
F ro n t  row: E ach tu b e  c o n ta in e d  1 c c .  loX  g u in e a  p ig
l i v e r  em u ls io n  and .1  c c .  I .B .  and th e  fo l lo w in g  d o se s  o f  
g u in e a  p ig  C.
.0 2  .0 4  .0 6  .0 8  .1  .1 5  c c .
Back row: E ach tu b e  c o n ta in e d  1 c c .  10^  l i v e r  e m u ls io n ,
no I .B .  and g u in e a  p ig  C. a s  fo l lo w s  : -
•02 -03 *04 *05 *06 *07 c c .
I n  f r o n t  row, l y s i s  was in c o m p le te  in  a l l ;  i n  th e  l a s t  
tu b e  l y s i s  am ounts to  .7 5 .  A l l  th e  c o n t r o l s  w ere ly s e d  cam- 
p l e t e l y  e x c e p t th e  f i r s t  2 , and th e  amount o f  l y s i s  i n  th e  
f i r s t  i s  . 9 ,  in  th e  2nd . a s  n e a r  a s  p o s s ib l e  c o m p le te .
E X P E R I M E N T  V I I I .
As l i v e r  s u b s ta n c e  o f  g u in e a  p ig  a lo n e  d id  n o t  le a d  to  
th e  t a k in g  up o f  g u in e a  p ig  C . , f u r t h e r  c o n t r o l s  w ere  n o t 
u s e d .  T h is  s e r i e s  c o n ta in e d  th e  same amount o f  l i v e r  em ulsion  
and th e  same d o se  o f I .B .  as above and th e  fo l lo w in g  d o se s  o f  
g u in e a  p ig  C.
.15  .2  .25  "3 .3 5  . c c .
R e s u l t  showed w e ll  m arked l y s i s  i n  a l l  b u t  n o t  q u i te
54 .
c o m p le te  i n  l a s t  tu b e .  So we se e  t h a t ,  h e re  to o ,  t h e r e  i s  a 
g r e a t  gap be tw een  th e  b e g in n in g  o f  l y s i s  and i t s  c o m p le tio n .
E X P E R I M E N T  IX .
A f u r t h e r  s e r i e s  was p u t  up w i th  1 c c .  10^  g u in e a  p ig  
l i v e r  em ulsion  and .001  c c . I .B .  w ith  th e  fo l lo w in g  d o se s  o f  
g u in e a  p ig  C.
•02 *04 *06 • 08 • 1 *15 c c .
L y s is  was co m p le te  in  3 rd . tu b e ,  a lm o st c o m p le te  i n  2nd.
E X P E R I M E N T  X.
The n e x t e x p e rim e n ts  w ere  p e rfo rm e d  w ith  1 0 ^  em u lsion  o f  
b r a i n  o f  g u in e a  p ig  i n  th e  u s u a l  way.
F ro n t  row; C o n ta in s  1 c c .  o f  th e  b ra  in  em u ls io n  .1  c c . 
o f  I .B .  and the  fo l lo w in g  d o se s  o f  g u in e a  p ig  C.
(M .E.D. o f  g u in e a  p ig  C. -  .6 2 5  c c . )
.025  .05  .0 7 5  .1  .125  .15  c c .
B ack row : S im i la r  b u t  w ith o u t I .B .  R e s u l t  showed com­
p l e t e  l y s i s  in  a l l  th e  c o n t r o l s  e x c e p t th e  1 s t .  w here  th e  
am ount u n ly se d  was f r a c t i o n a l .  I n  f r o n t  row t h e r e  was a  no ­
t a b l e  ta k in g  up of C. , l y s i s  i n  th e  l a s t  tu b e  o f  th e  s e r i e s  
b e in g  ab o u t .5 .
E X P E R I M E N T  XI .
C o n tin u a t io n  s e r i e s  w ith  .1  c c .  I .B .  and g u in e a  p ig  C. 
a s  fo l lo w s
#15 2 • 25 *3 • 35 .4  c c .
5 5 .
E X P E R I M E N T  X I I .
A n o th e r  s e r i e s  w i th  .0 1  c c .  I .B .  and th e  fo l lo w in g  am oiats
o f  g u in e a  p ig  C.
•025 -05 ‘075 *1 '1 2 5  *15 c c .
I n  th e  l a s t  two s e r i e s  l y s i s  was in c o m p le te  i n  a l l  h u t  
v e ry  w e l l  riarked  in  th e  l a s t  tu b e s .
E X P E R I M E N T  X I I I .
»aaaaas«aagagaagg*aBaagas5aa ■''...r:Jia!i ■
Y et a n o th e r  s e r i e s  w ith  a l l  th e  c o n s t i t u e n t s  s i m i l a r  
e x c ^ t  th e  I .B .  o f  w h ich  .001  c c .  was now em ployed.
More v a r i e t y  was m et w ith  i n  th e  r e s u l t  o f  t h i s  e x p e r i ­
m ent th a n  u s u a l .  As much as tw e lv e  d o se s  o f  C. had  to  b e  
added on one o c c a s io n  i n  o rd e r  to  g e t  one  d o se  o f  C. f r e e ,
b u t  th e  u s u a l  r e s u l t  was t h a t  a  f r e e  d o se  o v e r  was fo u n d  a f t e r
th e  a d d i t i o n  o f  a b o u t 4 d o se s  o f  C.
E X P E R I M E N T  XIV.
1 c c .  o f  10^ em u ls io n  o f  g u in e a  p i g  s p le e n  was th e n  em­
p lo y e d  w ith  .1  c c . I .B .  and th e  f o l lo w in g  d o se s  o f  g u in e a  p ig
C. (M.H.D. -  .0 3  c c . )
*03 *06 -09 '1 2  '1 5  '1 8  c c .
W itli a  c o n t r o l  s e r i e s  w ith  s i m i l a r  d o se s  o f  C. and no
I .B .
I t  was found  th a t  in  n e i t h e r  th e  c o n t r o l  s e r i e s  n o r  i n  
th e  s e r i e s  w ith  I .B .  was th e r e  p r a c t i c a l l y  any ta k in g  up o f  
C . ,  th e  o n ly  tu b e  u n ly se d  b e in g  th e  f i r s t  tu b e  i n  th e  s e r i e s
56.
w ith  I .B .  and th e  am ount u n ly s e d  was m e re ly  f r a c t i o n a l .
e x p e r i m e n t  XV.
F r o n t  row: C o n ta in ed  1 c c .  10^  em u lsio n  o f  r a b b i t  k i d ­
n e y , .0 0 1  I .B .  and tiie  fo l lo w in g  d o se s  o f  g u in e a  p ig  C.
(M.H.D. -  .0 3  c c . )
.0 3  .0 6  .0 9  .1 2  *15 .1 8  c c .
B ack  row: S im i la r  to  above b u t w ith o u t I .B .  The r e s u l t
showed t h a t  r a b b i t  k idn% r a lo n e  le d  to  th e  ta k in g  up o f  C . , 
f o r  i t  was o n ly  i n  th e  4 th .  tu b e  o f th e  c o n t r o l  s e r i e s  t h a t  
l y s i s  to o k  p la c e .  The r e s u l t  in  th e  f r o n t  row was p r e c i s e l y  
s i m i l a r .  A cco rd in g ly  i t  i s  e v id e n t  t h a t  i n  th e  r a b b i t s *  k id — 
n ^  t h e r e  do n o t  e x i s t  r e c e p to r s  f o r  th e  I .B .  u n d e r  i n v e s t i ­
g a t io n .
E X P E R I M E N T  XVI.
Two s e r i e s  o f tu b e s ,  s i m i l a r  to  th o se  em ployed i n  l a s t  
e x p e r im e n t, e x c e p t t h a t  r a b b i t  C. was u se d  i n s t e a d  o f  g u in e a  
p ig  C . , v/ere p u t  up . The d o se  o f r a b b i t  C. c o rre sp o n d e d  to:
th o s e  o f  g u in e a  p ig  C. th u s  (M.H.D. -  .1  c c . )
. 1 *2 *3 .4 *5 .6  c c .
l y s i s  was in c o m p le te  i n  th e  f i r s t  4 tu b e s ,  c o m p le te  i n
th e  5 th .  o f  b o th  s e r i e s .
The r a b b i t  k id n e y  th e r e f o r e  a p p e a rs  to  c a u se  th e  ta k in g  
up o f  r a b b i t  C. b u t  th e  I .B .  seem s to  be  invert i n  t h i s  r e s p e c t  
i n  tlie  p re s e n c e  o f r a b b i t  k id n e y .
57 .
E X P E R I M E N T  X V II.
A l i k e  r e s u l t  to  t h a t  o b ta in e d  i n  th e  l a s t  two e x p e r i ­
m en ts  was g o t  YTben r a b b i t  l i v e r  em u lsio n  was enp loyed  in s t e a d  
o f  r a b b i t  k id n e y  em ulsion  w i th  th e  same amount o f  I .B .  and 
s i m i l a r  d o se s  e i t h e r  o f r a b b i t  o r  g u in e a  p ig  C.
E X P E R I M E N T  X V III .
E x p e rim e n ts  w ere then  p e rfo rm e d  w ith  s i m i l a r  am ounts o f  
th e  I . B . ;  v i z :  .0 0 1  c c .  w i th  em u ls io n s  o f  g u in e a  p ig  k id n g r ,  
l i v e r  and b r a i n ,  b u t  i n s t e a d  o f  u s in g  g u in e a  p ig  C. a s  b e fo r e ,  
r a b b i t  C. was em ployed.
I n  none o f  th e s e  e x p e rim e n ts  was a n y th in g  a p p ro a c h in g  
c o m p le te  l y s i s  o b ta in e d ,  even a f t e r  th e  a d d i t io n  o f  v e ry  la r g e  
d o s e s  o f  r a b b i t  C.
E X P E R I M E N T  XIX.
A 10^ d i l u t i o n  o f  th e  I .B .  was th e n  l e f t  i n  c o n ta c t  w ith  
w ashed g u in e a  p i g  re d  c o rp u s c le s  a t  O^C. f o r  two h o u rs  and 
th e n  re c o v e re d  by  c e n t r i f u g a l i s i n g .  The r e s u l t s  o b ta in e d  by 
th e  u s e  of th e  t r e a t e d  I .B .  w ith  g u in e a  p ig  k id n e y  em ulsion  
and g u in e a  p ig  C. v/ere e x a c t ly  s i m i l a r  to th o se  g o t  w ith  th e  
u n t r e a te d  I .B .  The in f e r e n c e  o f  c o u rs e  i s  t h a t  th e  ta k in g  up 
o f  C. v/as n o t due to  th e  a c t i v i t y  o f  th e  h a e m o ly tic  I .B .
E X P E R I M E N T  XX.
I n  o r d e r  to  f in d  o u t w h e th e r i t  was th e  same I .B .  w hich 
le d  to  the  ta k in g  up o f C. b o th  i n  th e  p re s e n c e  o f  k id n e y  and
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b r a i n  s u b s ta n c e ,  the  fo l lo v d n g  ex p e rim e n t was p e rfo rm e d .
1 c c . o f  10^  d i l u t i o n  o f  I .B .  was a llo w e d  to  rem ain  in  c o n ta c t  
f o r  2 h o u r s  w i th  th e  d e p o s i t  o b ta in e d  by  c e n t r i f u g a l i s i n g  5 cc 
o f  loX  g u in e a  p ig  b r a in  e m u ls io n , and th e  tu b e  was f r e q u e n t ly  
sh a k e n . A f t e r  2 h o u rs  I .B .  was re c o v e re d  by  c e n t r i f u g a l i s i n g  
and ,0 0 1  c c .  o f  i t  added to  each  o f 6 tu b e s  c o n ta in in g  1 c c .  
o f  10^ g u in e a  p ig  k id n e y  em u ls io n  and tiie fo l lo w in g  d o se s  o f  
g u in e a  p i g  C. (M.H.D. •  .0 3  c c . )
The r e s u l t  showed a f r e e  d o se  p r e s e n t  when 5 d o se s  had  
b e e n  added w h e re a s , v â th  th e  u n t r e a te d  I . B . ,  a f r e e  d o se  was 
o n ly  o b ta in e d  a s  a r u le  a f t e r  th e  a d d i t i o n  o f  7 d o s e s .
T h o u ^  t h i s  r e s u l t  c a n n o t b e  d e s c r ib e d  as c o n v in c in g  i t  
p o i n t s  i n  th e  d i r e c t i o n  o f  th e  I .B .  b e in g  i d e n t i c a l  in  th e  two 
c a s e s .
E X P E R I M E N T  XXI.
The fo l lo w in g  e x p erim e n t was p e rfo rm ed  i n  o r d e r ' t o  d is c o ­
v e r  w hat a f f i n i t y  th e  I .B .  p o s s e s s e d  f o r  g u in e a  p i g  k i d n ^  sub­
s ta n c e  in  th e  a b se n c e  o f 0 .
6 tu b e s ,  each  c o n ta in in g  1 c c ,  10^ g u in e a  p i g  k id n ey  e -  
m u ls io n  and .0 0 1  c c .  I .B .  w ere p la c e d  i n  tlie  in c u b a to r  f o r  2 
h o u rs  and f r e q u e n t ly  sh ak en . The c o n te n ts  o f  th e  tu b e s  w ere 
Ü1Q1 c e n t r i f u g a l i s e d  and w ashed , th e  f l u i d  and th e  w ash in g s from  
each  tu b e  b e in g  added to  th e  c o rre s p o n d in g  tu b e  i n  a  s i m i l a r  
s e r i e s ,  each  tu b e  o f  v h ic h  c o n ta in e d  1 c c .  o f  th e  g u in e a  p i g  
k id n ey  em u ls io n  o n ly . G uinea p ig  C. was th e n  added in  th e
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fo l lo w in g  d o se s  (M.H.D. •  .0 2  c c . ) : -
.0 2  .0 4  .0 6  .0 8  .1  .1 5  c c .
A f t e r  t r e a tm e n t  w ith  s e n s i t i s e d  ox re d  c o rp u s c le s  th e  
r e s u l t  showed p r a c t i c a l l y  co m p le te  l y s i s  i n  th e  6 th .  tu b e ,  
l y s i s  in c o m p le te  in  th e  o t h e r s .
The d e p o s i t  in  th e  f i r s t  s i x  tu b e s  l e f t  a f t e r  w ash ing  
and c e n t r i f u g a l i s i n g  h ad  th e  same a sc e n d in g  d o se s  o f  C. a s  
above added and th e  f i n a l  r e s u l t  showed t h a t  th e  amount o f  
l y s i s  i n  t h i s  s e r i e s  was p r a c t i c a l l y  th e  sam e a s  t h a t  o b ta in e d  
i n  th e  p r e c e d in g  s e r i e s .
As t h i s  r e s u l t ,  t o g e th e r  w ith  th e  r e s u l t s  o b ta in e d  when
r a b b i t  C. was u s e d , p o in te d  to  th e  p o s s ib l e  e x is te n c e  o f  a
n a t u r a l  I .B .  i n  no rm al r a b b i t  serum  i t  was deemed a d v is a b le  
to  i n v e s t i g a t e  t h i s .
E X P E R I M E N T  X X II.
On t r e a t i n g  1 c c .  o f  th e  g u in e a  p ig  k id n e y  em u ls io n  w ith
.001 c c .  I .B ,  o f  h e a te d  no rm al r a b b i t  se rum  and a sc e n d in g  doses
o f  g u in e a  p i g  C. som evhat v a r i a b l e  r e s u l t s  w ere  o b ta in e d  w ith  
d i f f e r e n t  s e r a ,  b u t ,  on an a v e ra g e , 3 o r  4 d o se s  o f  C. w ere 
ta k e n  u p . On k e y i n g  th e  tu b e s  o v e m i ^ i t ,  w e l l  m arked d i f f u ­
s io n  o f  th e  haem og lob in  was a p p a re n t  a t  th e  b o tto m  o f  th e  i n ­
c o m p le te ly  ly s e d  tu b e s .
E X P E R I M E N T  X X III.
6 tu b e s  e ac h  w ith  1 c c .  g u in e a  p ig  e m u ls io n  and .0 1  c c .
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o f  norm al r a b b i t  serum , h e a te d  f o r  one h o u r  to  5 6 ^ 0 ., were 
a llo w e d  to  s ta n d  i n  th e  in c u b a to r  a t  37^0 . f o r  one h o u r  and 
f r e q u e n t ly  sh a k e n . The c o n te n ts  w ere th e n  c e n t r i f u g a l i s e d  and 
w ashed and th e  f l u i d  added to  a n o th e r  s i m i l a r  s e r i e s  o f  tu b e s  
c o n ta in in g  1 c c . o f  g u in e a  p ig  k id n e y  em u ls io n  and a sc e n d in g  
d o se s  o f g u in e a  p ig  C. a s  fo llo w s  {M.H.D. -  .0 2  c c . )
*02 *04 *06 *08 *1 *15 c c .
The r e s u l t  showed t3iat l y s i s  was in c o n ^ le te  i n  a l l  and 
th e  amount o f  l y s i s  in  t lie  v a r io u s  tu b e s  was p r a c t i c a l l y  id e n ­
t i c a l  w ith  t h a t  i n  a s i m i l a r  s e r i e s  o f tu b e s  w ith  th e  same 
d o se  o f  u n t r e a te d  h e a te d  no rm al r a b b i t  serum ,
When th e  d e p o s i t  o f  th e  f i r s t  6 tu b e s  a f t e r  w ash ing  and 
c e n t r i f u g a l i s a t i o n  was t r e a t e d  w ith  a s c e n d in g  d o se s  o f  g u in e a  
p ig  C. s i m i l a r  to  th o se  above en u m era ted , a m arked d i f f e r e n c e  
was e v id e n t .  Com plete l y s i s  in  t h i s  s e r i e s  o c c u rre d  q u i t e  
e a r l y .  I t  was t h e r e f o r e  e v id e n t  th a t  th e  n a t u r a l  I .B .  a g a in s t  
g u in e a  p ig  k id n e y  s u b s ta n c e ,  inhich e x i s t s  i n  norm al r a b b i t  
se rum , c an n o t be s e p a ra te d  to  any c o n s id e r a b le  e x te n t  by  
p la c in g  i t  in  c o n ta c t  w i th  g u in e a  p ig  k id n e y  em ulsion  a lo n e .  
The r e s u l t s  o f E xperim en t XXi, how ever, go to  p ro v e  t h a t  t h i s  
n a t u r a l  I .B .  i s  n o t  th e  o n ly  I .B ,  p r e s e n t  a g a in s t  th e  g u in e a  
p ig  k id n e y  in  n e p h ro to x ic  serum .
E X P E R I M E N T  XXIV.
Q u a n t i t i e s  o f  g u in e a  p ig  k id n e y  em u lsio n  w ere t r e a t e d  
w ith  I .B .  and C. The amount o f  C. added was v e ry  c o n s id e ra b ly
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l e s s  th a n  w hat o u ^ t  to  h a v e  b e e n  ta k e n  u p , a s  c a lc u la te d  from  
E x p e r im e n ts  IV and V. T h is m ix tu re  was k e p t  i n  th e  in c u b a to r  
f o r  o v e r  2 h o u rs  and f r e q u e n t ly  a g i t a t e d .  The f l u i d  was th en  
c e n t r i f u g a l i s e d  o f f  and t e s t e d  f o r  C, w hich  c o u ld  in v a r i a b ly  
b e  s e p a r a te d .  Numerous e x p e rim e n ts  w ere  made w i th  th e  k id n e y  
em u ls io n  and I .B ,  in  g r e a t  e x c e ss  b u t ,  w ith o u t e x e r t i o n ,  C. 
c o u ld  b e  d i s s o c i a t e d .
E X P E R I M E N T  XXV.
P o u r s e r i e s  o f 6 tu b e s  e a c h .
E ach tu b e  c o n ta in e d  1 c c .  o f  g u in e a  p ig  k id n e y  em u lsion
and
1 s t .  S e r i e s  h a d  .0005 c c .  I .B .  i n  each  tu b e ,
2n d . " « .0 0 1  « « II II »
3 rd , " " .0 0 2  " " n II It
4 t h .  " " .0 0 5  ” *' ” « "
E ach  s e r i e s  c o n ta in e d  th e  fo l lo w in g  a sc e n d in g  d o se s  o f  
g u in e a  p ig  C, (M.H.D. » ,0 2  c c . )
-02 -04 "06 "08 "1 "15 c c .
R e s u l t  a f t e r  b e in g  t r e a t e d  w ith  s e n s i t i s e d  ox re d  b lo o d  
c o r p u s c le s  show ed t h a t  i n  th e  f i r s t  s e r i e s  l y s i s  was as n e a r  
a s  p o s s ib l e  co m p le te  in  th e  6 th .  tu b e .  The 2nd , s e r i e s  showed
l y s i s  in  th e  6 th .  tu b e ,  a p p ro x im a te ly  e q u a l to  t h a t  i n  th e  5 th
tu b e  o f  th e  1 s t  s e r i e s ,  and a g a in ,  th e  l y s i s  i n  N o ,6 o f  th e  
3 r d ,  s e r i e s  was eq u a l to  t h a t  i n  N o .5 o f  th e  2 nd . s e r i e s .
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I n  th e  4 th .  s e r i e s  c o m p a ra t iv e ly  l i t t l e  l y s i s  was e v id e n t ,  ex - 
o ( ^ t  i n  th e  5 th .  and 6 th .  tu b e s  and t h e  amount o f  l y s i s  in  
N o .6 was a b o u t e q u a l to  t h a t  i n  N o .4 o f  th e  p re c e d in g  s e r i e s .
T h ese  r e s u l t s  show a w e l l  m arked d i f f e r e n c e  fro m  # i a t  
one w ould ex p ec t i n  th e  c a s e  o f  h a e m o ly tic  Immune b o d ie s  where 
th e  amount o f  C. ta k e n  up c o rre sp o n d s  w i th in  l i m i t s  to  tkie 
d o s e  o f  th e  h a e m o ly tic  I .B .  H ere  we s e e  t h a t  d o u b lin g  th e  dose 
o f  I . B . , w hich c a u se s  th e  t a k in g  up o f  5 d o se s  o f C. o n ly  le a d s  
to  th e  ta k in g  up o f  a p p ro x im a te ly  a n o th e r  d o se  o f  C.
S U M M A R Y
o f  R e s u l ts  shown by th e  E x p e rim e n ts  on th e  T ak in g  up o f
C O M P L E M E N T
by
N E P H R O T O X I C  S E R U M .
I .  The p re s e n c e  o f  a s t r o n g  n a t u r a l  I .B .  a g a in s t  g u in e a  
p i g  k id n e y  su b s ta n c e  i n  norm al r a b b i t  se rum , w hich  u n f o r tu ­
n a t e l y ,  p ro v e d  a v e ry  d i s t u r b i n g  in f lu e n c e  i n  t h e  i n v e s t i g a ­
t i o n ;  th e  p ro b a b le  e x is te n c e  a ls o  o f  n a t u r a l  Immune B o d ies  
a g a i n s t  g u in e a  p ig  l i v e r  and b r a in  i n  norm al r a b b i t  serum .
I I .  ' The f a c t  t h a t  t h i s  n a t u r a l  I .B .  e v in c e s  o n ly  s l i g i i t  
a f f i n i t y  f o r  g u in e a  p ig  k id n e y  s u b s ta n c e  in  th e  a b se n c e  o f  C.
I I I .  The p re s e n c e  o f  an I .B .  g e n e r a te d  i n  th e  serum  o f  a
63.
r a b b i t  b y  th e  i n j e c t i o n  o f  g u in e a  p ig  k id n e y  e m u ls io n . T h is 
I .B .  d o e s  n o t  seem  to  d i f f e r  much from  th e  n a t u r a l  I .B .  i n  the  
s t r e n g t h  o f  i t s  com bin ing  p r o p e r t i e s  e x c e p t t h a t  i t  c an  a p p a r­
e n t ly  b e  s e p a r a te d  by k id n e y  s u b s ta n c e  i n  th e  a b se n c e  o f  C.
IV . The p re s e n c e  in  l a r g e  num ber o f  r e c e p to r s  i n  the  
g u in e a  p ig  b r a in  and l i v e r  i d e n t i c a l  w i th  th o s e  i n  g u in e a  p ig
k id n e y  and t h e i r  p r a c t i c a l  a b sen c e  in  s p le e n .
V. The m arked d i f f e r e n c e  in  th e  p r o p e r t i e s  o f  th e s e  
Immune B o d ies  as coi!Ç)ared w ith  th e  h a e m o ly tic  Immune B o d ies  
e v id e n c e d  by  -
( a )  The e a r ly  commencement o f  l y s i s  and th e  d e la y  i n  i t s  
c o m p le t io n  t i l l  many more d o ses  o f C. h ad  b een  added  p o s s ib ly
i n d i c a t i n g  th e  sm a ll  s i z e  o f d ie  m o le c u le .
(b ) The f a c t  th a t  d o u b lin g  th e  d o se  o f  I .B .  le d  to  th e  
t a k in g  up o f  n o th in g  a p p ro a c h in g  d o u b le  th e  d o se  of C.
( c )  The lo o s e  s t a t e  o f  c o m b in a tio n  i n  v h ic h  the  C. 
e x i s t e d .
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